* c 

iU-il |JX A... ^ 1 I j\ ! 5 Li I ^ji 

^»w - J I ^>3 ,■ "> 1 j <l£\ ^ 1^ I l «■«->■ A,>, 1 

Ijli-^il 0~U->jJj-^^jj.X > flll ^j-a .Aj-L-*JI ^1 • l ^■L.^i.T.'^ I >^Jj-wLl 

* 

dLdl oljujjj JjUj> 4 ols OLJLaiJI ^a ^Jj ^JjC ^^.M^i-i 1 

liT i i 4-^1?j)i I 3LJ, I [ <> *.r,.,.; I i ^LajU1 JJi\ jJl> O L>-‘«jl> t 

« 

( Jx- uy j—<——Jl y-a-oJI ^ Jj—> i^-UI JLjVI ^ \pf 

t Jj l ■«.*«■! I$" t dwl^tJ t 3 LU1 ^3 aj UlwJ^l ^j\j^ <olj> ^ ^ ‘ ^ ^ 

* lb'^Cj 4 AX IjjJ I t <Lm^ -Xl^J I t <La LaJ I <L^Xl) I 

ft 

ftj ^jo«r.«.? ^iJI jjJI ^rL./-»?4rlL t LJLxJI ^j?t*i £-~*j jJb t iiU j i jji Jutjlj 

ft 

>L—Hj ft?i« "II oL-ljjJi ^ --a—• > ^Ja»7 C-^w^l C m . x j L->jJ j -^> jj A . flJ 1 ft^lS* 
. <»_>jJj—J.I ftJL-JL fti^AjJI CjI i ft : ■» L ...tI oLi I j ft ,gJa—JI 

£ ft 

a_^ 1—*1 I 4_jlL*XlI I oL-t^ijjJI jj I ^3 <jUj/ ^ 

ft ft 

J J -$.*■ j-^-C _,-£ jt ( jj> JU *V L^j’li ft—C—— 9i ^JLli CftlS iijjL ft- ; — o-Lc. ftJL ^ •»■ 
0 >JL t in—C-ljjJI < J..* ^ Jl i , _ rt ■ >j lj ~j-' cAj ft—S 'j ■ «7i a 

ft ft 

caj l_woI jJ[ jjl*_JI La ^ ^jLj iA-a—iflj^_xiI (|a— iJLj—_i)lj 

JjJJ-l jL:t CJ -Lj ft-;—VI sLil Ji'Lii juljjd! a-L*jJ 1 Ji? ^j dJLIji 

■ £.yn 4* I tS^ *— 'Ljiftli jt J oL^I 4-^ I ft-fLs { j- a ft -J L * J I 

tjjpj ft—sLil ^^JLc £i»lyL5Jl lift ^—.j>lj-a O^—fOJ«ul jLJ 

oja J->b l j t f^r>j L—J-—J-I oLj^ScJI vJJLawi L 4 IC 1-L15U! 

» 

( j-a LUi j— c ^Jl ftjjLL.ll «— JL—>lj ft-.- > Li 1 <— jj^^JiJL L^_ujLcj ol—^SLJI 

. £jL>^il; 9 >iLi! ii^LJI oli £~LljJl! 



‘‘-■.- '-’ jS/l 9 Li I jJLjJ j-sLII j^LJI J| L& j--J jf 

la y_ I-<Jbl i j J_*J! Ijjb jli i ^31jJ I . JaUI jjj-lJI JU 

1 J 15L—)f j ft :II <l*——J oLJU Jx Juljjdl j-aXX«J.I t—liaJI o^- t j j->1 j_*j 

j I j^-£ jj-C 11 J I la i jA 9 Jl^ Ij 4 S?7* a j I . Ju lj_l I 1 « -St, 1I j 

lilj . t^jL> kJjj J^l> 9 LII j*a jjJlc I,«>.irti> Jl jj-.L t_ ; ll^ *m“ 

* ^ 4 t fX I j jl I » 1 > e*ll I l a 9 » 9 Ilk I jj«a I ^ ^ > k—J l la 

* A 

J*-Jj * j Lt 5j «ti til jj 1 *_j jj <Lw^SL) i jli ^^ * 1 jjiII ^>L* ■>J 1 j 

Jjj l0 »4 £j»I $l <JlJ 4jcJjJI O^LjC^I ^i-£ I 

* 4. 

J -^— * — Zj j^J ^) I L * >n< 3J ^JkJ i <y J » 1 Ij ^ laX* l al'li 1 I 1—.1^7 fll I {J lai? l 

oL^lf £jA ^iw -.• oL...JT j . o L jLflj jl ^Lu^j L^Jjli 

* * « 
lT*^ J* • •^■Lr y * Ij— JjUH 

jjJJ ClL—aJlj l jl ■!-'? 7 9jj—k2j 9 l—i I jjju J 0^5 ^j-^l ilJl 9 a 

* t 

jl k—ojJI j^a tiJJJJ . 9.UJX OIj I • ul l$jl J- JLjj jLi?VI j\j}Lj 
t—Jill iLjjj • ^LL-JI Juljxll Jj_*_a , jj-i-i al—ll Jx k-JJaJI Jblj-Li 

jJajj iUj^II el — — T - Ij jj I O l> l JL I JLj I jj J_*j I— aj -r-t > A——i>jVI 9 I—-II 

la£* l^^j ^-^^*^1 I ^3 ^w^Jl a * 1 * > (3^^ el ^ _C I j jj I l.I 

^uyi iaq) ^i>vi ^l jkUx^ii »lii ^-1 ji^ji 

. ( a >1-11 9 LI 1 (j-a I ) OI J^, J1 J J 1 j^a (j ( I>^ll Ij JJ laj^ 

ifjj. 19 L—jj jii^aii^i L^aSn 9ji ju^iji nij ^ 

* * * 

: k—jLaal 9.9 m.» ' I ** _ •» l ■ ■■ 11 9 Li I Ij j£-jA 

J-LJ Jl *ij J-_3jl aLj.^1 ^ '9JL-3H J-J9JI 9UI jl (1) 

. ^L^JIj Jjjl JUxz-^U 


La 1^1 jmSJU t Ljji 4JuL L^jjI ^ ^ jj (2) 

. ^i>i j^LJi^Uv >ui 

• I & LI i ^3 i-aLt QjJJIj -iJX (3) 

. 5*U c.1 1 l*J ^L^SUI v^>JI (4) 

• « 

aLil oUlji ^ j^i*l »jLc Lw?jV! aLil oUI> (5) 

. LLbU ol jZaj II I 4 Li I jiL^xo jj Lj V ijDJJ 

. i-^_jJLUIj LJl .» .5jjL11 oL jliL 4.. ■ s ’j'i I aLil ojij ,a.«»t...U ^y> (6) 

pJ jJs-k i « .Jj ol>L««-» 4-_isjSfl aUl j.f. ::,T (7) 

ai* ajJ ‘ *“*!j ■ mil jj-a JuJuJI j*X A^juJ? a JJ~^. L-J^* - 

. L^kJI aLil Ju^ jU^II ** «>J! ,/lAl 

A « 

: 4~ r & j s l I 3 LI I ^ iijJLa ^jL«» O^j jJLfc Olj-^al! dlij £4 

a L JU) £jA 4j ^*A jJj_4_> OJ L_jJ>v-i OIJ Li I ^jA Jj Juj I j I (1) 

. A_yliI jL^U a jj£ aL» M c<-^j LiUJIj <u-aLJ.I 

A*jL 4 . 1 . il^<a 4, ». ^a j*wM aLil i Lwlj ^u-J * '■j_jilil ^jA (2) 

. 4.aia. 'i I 0 J^ ^ a-^Jl-JI aLil Lf jS\ 

oljLLJI jtjlzJ LLli’ ^ ^yLtl oLc Lilli jL^I j^^k; LiiS" (3) 

. a ^JuaJI a . ->. 1 -? ...II 

• • • 

t ^ 5 LSU I l^.«A.r^JJ , „^JI ^ ■ . f> l_yl I ^Jl J < ■ II I (jl J Jj ^jjUl l-L JUIj 

i~Js»jSn aLil JX eL^jJI Jjj> JjVl J-aDI <y ijj ^jJI Ji-^il 
^4 1 * ~ ii ^ » i y I LJjLj i ■ 3 I \^ L A J>J I 1 —^lal ‘‘‘ ‘j I 4 L 5 .J ^ ^ I a 1 ^.Lc- 4i^j^il 





—_ sLil L>- • — 

A 4 .7.11 JJ l— ji I j ^3 jhJ I ja.iA li».^tTa Ltl I J ■ -•» a I i OIIjiu ^3 4 - I 9 LJ> I 
jU'Sjl j—i — > oj j oi, -Lx.7 —i*i I * Lul J - «11 Jjlilj >_gin^Jt ^3 

i ^—U-l i \j}\ i ijJLiJI Jj Aft)I ' 1 ■* *1 * La_jj . oLL-JI ,J—_>t—.j j 

jj-X -i*i) I * 4 jjLJI jj--* —»11 "j I 9 LJ. I 4>l jj i 3 LJ I j 

^Lc i ( j> ILL 11—3j J?,.) I jji? L—» ^ 3 j i ^ I ■ ^ ~ LI j . .c. o L_jj_- ijJ I ( a. »j j m ijJ I 

■ 

oLj_^jJI J^-li 4 -—dLJLI jLy>j i5"jj> ^jL—J l J—ajJI ja .hj La —j 
L» l . 4 —jUI jL"S/I 4—>Li»I ij\ .ii •fi iil— a\ » Lfi iLU-l 4 —>jJj—jLI 

sL-if j La 7 7 , Jj £_iaJ ZJL-*— — n 11 I Ol-Lj«_» JjLj JUL} ^LiJI J — a flJ I 

jL_JJ 1 i^Ll) j —£. jLjucJI (jjj j->S/i_j £-U! J—aiJI ^ Li Jzjj .*L-i?jSfl 

. 43 LLI 4... ■' 3 43 Lt I ^3^ L—l ^ ^ t-3 4—I 

3 * * 

2 1 1 A lx,*— u*j 9 -Lm.J UjLs^j A3 0 * _*■> *j->b 

jbtfl i-4—l {j* J£J [jjjjJjj ^jJLLj . j»j-Lx)I 0 * ^ 

4j I 4—il—u_ r -» 4—3 Li i- I J—aJ I jX-Lj ■ I I.AA 

tjJjil 
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J—^ 

Introduction 


: i-ijjju ; I - 1 

^ i^7i^ 8 Li! ^ Ij^l I ol *I L ( c *JO 

. Je>^i\ oLi? < f Ji ^y*udJlj OL l tuA ^4 

ojJj-i!j !-fi | «ijJ .«l?rJ I ^-Sj-i - ! a LA! jl 

Lj^iJ! jj^wlJI ^j3 A..-; .LI I aL .11 *■ III CjL)Ijj> f j£. k- ■■ _ >■ ?' 71 1 JCS- 

c • * 

OljLa i w .rti JjJj ^L ^ CI ^5 J*>j-» l j- d 

dmmy~C- Li- ro J |j I Id ^ Lx &LJU I U^J^I (d»- 

* • 

J*>L> {jA dUjj £_j>lj (_y^jJ J-ijj-JS^-_> J-»-C LajI al-il 8j—$Jj . <*—J^i !j 

» ^ V - ■ jJa-J ^ yh*u j L^zJ 1 ^L^AA I < *, JLc. L 

.a_1 L*JI LiliJI oli LyaLuil jj *» ^ II ^ <u.-^jS'I a LAI x>-jj L aiLc 

ft 

I LI . Reservoir Rocks Ajjlil j^wjJI j*— L jj_?waJI alfi> Ljjuj 

8LAI tL-.q'T jjlt ,jjZxj j_jAJ!j iJjUJ-l »La ^a ,jj£AI j»LJI 

<C~Sj-jt! »LL-I ^r a ^ 4 * i '-'‘. ■»■“-' (j^ -Li 4iZ s ,.,lca * 8^:<> 

» 

. aquifer £>LM jl Ground water reservoir 


: <LuajVl dL*J! Ja^j JSj ( jlC’ SJjJaM CilLuall : 2 - 1 
* « 

^^71 >,i i L^> o^ ^ ^ I &LJJ Li^ I 

( iJ^ L) I ■ a ) 1 |+ ^3 ■ L ■ *.«■ > II I *** - r^J I 

* * 
l g t -L. ^ I ^ < <>-JL*JI ^jJI AJ.u^-«AI (^j->l 





. <Ud/?l 6H( '' — ■ ■ 

* 

■iljil i-JUU ij I i^cdll J^C JLa^Jlj (oU^JhII JJ^W?) Ol^->3 ^UuSsJI 

■ ii f ^j-*J ^ I ■ i^T.l I ^yUU ^ !■« »t A j j JL wJ I &I 4^-j -L*i I 

^Jl ^ JI p ^3 I CvLa^'i 1 l-ijb j^JLj ^ ;^3J I U 

4*^ l <Lo Lu J 1 t ^ * •* t • - A j,LLJU Co j^ft -C^ 

^ I ^w <j Lu i I jy^ * ^ I ^ ^4 L>i 4 .\. ft T,.»jj & djjJLil I ^ 3 ) i 

* * 

• tj> ^1 (j^sj . LgJ 

(jj ^^Jlc pj^Ulj ■ j*-daJJ iJ^ll oLJ-l Sorting jji i>jj - 1 

. J*-AS SJj£il ■ ■ ■ -LI ^L^>l OjliJ ^ ju jj_>waJ1 |vLc 

* * d A 

Ijl L>l ( l$_»L>t>l ^ LjLLlo oL~J-I ijuj^ Jj-*M 0^" liL» 

a ^ 

oj&j • oL-;-*J-l tijij j^-*JI 

a 

i-Lwi-1 J?~*' * ^ ' ^-*-0 i »ii & ^jA &jLc j _|-3 ■ JjA Ji ^ * > jjJ 1 jjX» dll 4 _*«aL_m-a 

. (\ - > JSLUf Ja>**) j>J! 



(Sorting j^Dl z>ji) _^-^li oL*> |*(^->( c<j^ (1 ■ 1) —JI 





JjTlIJifli/J — 


juJ . Shape L^iSLij Roundness JJ iJ^SUl uLJ.1 ijl-u-l - 2 

Rounded j y_ x a oL-^> jo ■;-» ~)l »jIjlx—^I 

» 

I I c ^> Ul ♦ Angular ILjlj oL^>j 

• i**? J LjL«iM>J l—* L-->J iUj^l 

ft 

Packing ^LajuVL alc ^ La jl t ^ o*-j^Jj ^Uixjl — 3 

j^uaJLi i ( _jJLt oL—il J^Li uJjjJI IJlS» _yjj 

*40 

i*sJLI jj> ,n)l ^ <l^>Lw9 JjI Lj jj i-j^11 oLw^l oli 

. 1>L»jJ| Jil L-J jj 

a-l>L^i1I ^jjja. J! < _ # JLc L-L-l i a.~n«,7 j-» L» t _ # J[ 

* • « 

>.i. .ij-JI Jju l j ; , .m.~Su jl jSLc OlL^> JL»y Aj'Lj «<-*: -yJJ 

ft ft 

j I <w3 J jlhJ 1 sJl 6 * ftJLa dlftjl_>l ft_«j j-**j ol S\JJ j-SJCj L^a J C X 

ft 

Li>Jl ^J| ijjL*-Ji J-«!j-aJI jl Juu L» 

<L«-*£ ^ j* I* *<■<* ^ 1*1 f ^y3JU j^JLJ Tj j ^ | Jyyfl 1 1><■£ 

* 

jji iLo»S_LI ^ sjjj ijsjj jl ajJo*-JI OjjiiU j^x <o'l “ill . ^»■....]? 

ft . ol5”jJ-l JJ j . jj-x- ^dJ A^JjUiil oLj-ijdLI fjaju ftjlil 

. jjj>w3JI ^ oliiLixJI jjjXJ ft-woLJl! sjLj ^jJI LcsjI 

^yLii j-j^aJ ftJj^JLI Col j-Jb jj .J-C- j-ft ^Jl ^ylx 

jj-^ ■■-id jl IjJl^j jo e LJjJI j( *^l < dJdl ft . >LJI ft ~ : -at - * JLc 
• « 

Lftfll 4 A. . ... X. I -^11 L n >^ j-4^! Ai-iJI 

ft . 

* A-*—J I jj Lj^J I &jjj^ &iLx- LjJ i v7 11 

^ l m >. 4 Oj ULzj (jJJJJ 

« 

jo * Ul jl^-ftV jj-k-^aJI L-LU < _ f gJ _ r ?wiJI Permeability LSL«J L»l 


r- is - 




i LjJ 4j^5s1I <uJLlaJI iL) jljj J La Ji JUj . 

la j i-xiljJI oLclyjJI i*Uj IjSULJI cJLS c>L;-.-..j-l Ji Ld£i 

Jj L a J jT . LgJ'iLi- JJl^uJI jjj* Uj g ,m O L .. -J -I 

l _ J Ax Cx> <lL~J -2 (jviaJlj Rafail ibjbL tiiJJJ . Ij»«»ft JJ^JI jjjj* 

t ji - rt t J AaJI jjiw> oULJI |»m» L.i^*7j . ZJL*JI L$J^*aL*w» ^ |*i^1 
JJlj-JI £-L- caj Surface tension Lf *,LJI juiJI 5jJ J-w ^iJI jJ-I ^1 
»UI Si> J-3j_*J C~-?vj Cl> a^,. .5* uL^J-1 j*Ja—.j ^iwiJI ^ asI 

ajlil Lgj-«j olj_ * _aJI ^jJUJLj o1 j j— £> jl jl . l_^J^_> 

ij?jjti I L^pji.^aJ 1 ailil ...) jjjJ tjl (jL> j-y^ (J^b-dJ <C-i9j-*II ,/aJI 
<L-—J Ij J^a^Jli" <cLi.> ob ; ■> oli ^ JJLmJJ 

jjjji G~-^ Gj*' ^ olj-?iiJI ^jJI tg-ja.ju £a ALajd.1 

jjjll sL-JU ,j^-i ^Aj ^Lr^-T.a _ <rr c ol_jiAJlJI CJL5" lili . Ljajl ibilaJ 

. pJt-j ill) j*£- ^wail jj£j tiiJjjj IgJ’i^ 

CJ15* bill? i^yyJ-A jj. j« ~ail iJijLpiJ! jlk^a'il al-_a 

aJL-J ? ^1 alJLI aJA Jw_aJ LoJlLCj . uliij j*-» J lLUIj tbiLL 

«■ 

i c L.-.111 A e .Ut\l oJji aLJ, I 1*5*1 \jJjj IpjjlijMW L-&S j—I j «■ Lo —3 jj-y—c2 j I 

£ £ 

<LjwJsJ I ^5^-3 6 LJl I * <Lw^jVI dL-jw^U jjl ^^L-C 

jjJ->LJ! tiUJJ . ^1? «* ii y c ^ wa J I 

Jilc- ^jS?I J.Lyu ill ^3 f LwaJI oLa_Ji)l y-Jy 

jLLl^I L^j Jx 3l .mit > I j! ^JjclxJLI d u >LIl ^^JaLJll * ^Lil o^-JI 
^LijJI j_^5y C*L> i--Oy3 »Lil LJj—j-0 

Lai . ij J .-^ > : 11 eLib l t.,—7i a ^Lll »0A ^LkJ-l 


J-aiJf 


C---> < jtla— o-z ^ Cl-aj sLJLI uj_>^La l j_ ? 5L>J liLLI 

* * 

<_** j* t^jL>waJI ^LijJI ^ i-i-Jj 'r’j-^r’r <_** «CJU pi’l j-^ 

. Jej'i f fdz** (ja LmJ i-j^LlI eSL&J oliJ? ^ jl iL^J oLj^j 

liWj JxL» (jJ sL-LI (j^alSLa JX <j-JH_JI j-* ^ AaI j_j_C 

• * 

• {jA olio 4 t jS^ JJL V qLqxI ^3 jtldl 


• • • 


jjjjlM) u*ji\ ^cJa^i uuau aU-a 11 jj-ua : 3 - 1 

:(4jJaj^l oLaII 

l ^ ? p 1 4j^J l »k Lj 3^■OuC' ^j^LjUwO oL>jJU I 0 l_d I 

* xj! Laj^^LaJ I ^UjJxd I ^ 3 d JU l ■ ^ 1 j 4 m i m > Id I i^liJ I c< lx 

&L-JJ aJUUI <LoJ>VI c il,n 7 Lo LJLc-j . jda-^JI C-^ I oUL-kJ 

: eA ^ L^l M £0^' 
jtfljJ.1 l-if duasj Belt of soil moisture L ^Jl L^Ijj* - 1 
Jji^LlI \j} *jlx li* ^>y Vj . jUa-aVI sLi aJlLlJ ajj 

A.-J.^..^ jA A C .1-1; ^yijL>yj . AjUL I A_. X mj ( A_^jl .^tlH A_sLjL I A _ >ClI 

. oLLi-l A ^i> i uy> ol jZji ( _aiyUil 

jlLJl Ha ^ aj^_JI ajjJ?j abj; Intermediate Belt :.a ^Ijj. - 2 

* 

O_?5o_3 AajIjJwJI jJ?Lil La! I jJI aC_>C 1I (jl^Cil A_-tf>L>J 

• Ail> 

[ 

i Capillary fringe L^uCJI i^LU axh^jJ SJ-tUaxil #CJI - 3 

djMfL^ 1 a Cl I T >!*■ a ^IjJ-! IjX j tf "-i j 

bC < _ 5 jJt iikdl J4cj Belt of zone of saturation ^'IjJl .i_JI ^1^. - 4 




—— tLki! — ■ .1 — i- i. — - I ■ . ...I — '■ 

C/yUaJ J^—C . SiLajJI jjiwalt olL»li * Ui 1^*3 

^j-3 b*y***I& *W^ ^^h>.T I I ji?Lll . ^3 lj£ 0*> 13 

: La jlilkJI jJaiL—d! sLJLI 

4■ 4 

ol j - Zone of periodic saturation jll £-idl jL ( I ) 
Ji—Sfl jlkJI J\ V yJlj jlkJI U» ^ o^l 

. L ^ m il—i-3" 

. Zone of permanent saturation ^‘Dl ^L, ill JlLl L) 

. LJli aLIL iijX* LgJL JlkJI II* ^jJI 9 jjjL*UI jW 

< * * * 
jl Zone of aeration LjUaJ »Xd LjjOM o 

4 id oda-JI 1Ub ^3 oL^JI I^y ■ ^ t*****-^ t in "II j*JX- 4 ft t». a 

l 4_a_jLi-l 9Li! ^alSL ^UiJI IJLb ^ * UI fjji 

* • 

C^—> JjL^I ^L*J 4¥ jp>5 ij ^ ...ti ti I &LJU £jJA ^^j^IsLil 

* 

4 -jj 5 Uo « L-.aJI 4JLJ2JI ojJ jL"lIjjJU sLU sJLb lju 4 L 3 * L> 4 a. ; k l. ‘- 7 > 'j~ 

4.. r .f7j*j 1 jLIL # Li I sJjb ,m~ c»> 4_.._<7jj «L jLL LL_I j_L^j 
sL-il £* ^jLaiL 9 JjJl-^_4_j 1LJJ ojLc . Perched water LLLU 

4^a-iL-l si—11 s_ 'j -■■■-: oo^4 La oL_j ^L?"^l S3I 

. 4j.ll*JI L^jS/l 9Li) I^JJJ> { _Js\ 


• • 


: oUIl 41 aLJ1 : 4 - 1 

* * * > 

I jjJb 4 . . n « i j p I^/1 4jt)jl ^yji 93 L 4. w~> j*^ I 9Li I 

a>y : Unconfined or free Ground water • ji-\ i-L^/Vf «LJU : 1 

3 y jjjJI jl 9j4^_*JI jlLaVl olj j]?Lil ijS 9 Li I sL 


- 16 - 




- JJTHJ-ill — 

* * 

j-j» a l ft i < > »LjiL ^- ; ju jL^j’I jI j-$J <j-A ijJuLa aLwO L$_JI 

OlS j!j_a ^jSff r'-J'cr^' j-ljJ- Caj oLL-UIj 

• * 

dUJLj *■ Lft_^ l& j-Lc ^ #LJl! a Jla jl ^1 , jLJLc L jLiJ 

• lJjhM (_Jj— 1 iaii? Jjjl 

LlL- LijjTS Lo_S” Zjj-fJi jLkJ { ji j j£s3j « i^JLLI 4>j>jVI iL*il z 2 

w « * 

(jjJ »LJLI si* »LJI ■ .i,i a j*a ( Js.\ j : M a olij 

. Jlki (J j 0^>-jII » Lft-nJI oliJaJI 

^ o^jj • Confined Ground water i-Jj- 4 -l aC-ll : 3 

* * 

. jjliJ J~£. ‘ L—i> Oliijj La">Lcl (j-aj LfLi-l j*a li?L>u> a j LeJ oliJ? 

jtiiw j-» bL-IL i_;_9jJ-l ttJiA JjL-» ji.iL :; 

J-; t > _ r i-\ sLil j^il^La ^j3 JLi-l J& La-S' » ij—il—wa U>j_L*j 

jLJJ JJLaU-l b jlidl 2jJai\ Ifci ci-i£Lj jtLil ^ Jali J ~-■:" 

0 LLJ 2 JI oL IjjJI bJ.,> «■> iLJLc. ji»LL» ^ 3J-* 

< * 

sijs jiiJ (jtLII 0 ft ...Tj . jtk-i JlLc l^La » 

. Area of recharge or catchmentarea juJLidl jIjLb sLiL oliJaJI 

‘i-.jjjJ I t \j^~g} I ^ B }J>jl I <^ r JjjL I aLJLI l£ja ,jj> Li I b Jl 6 I j-aj 

Nobia sand ZjjJI JL»j » oUj? iijSLa j-alSUt dUj > iu^ail 

. ill * Ij^waJI (_r^ j--* <>^b « stone 

* ^ £ 

1 Aj JoujdI ^I^LLb ^lft *■**! i l B ■ B> ■■ «a l ^ ■ l a .^ ^ «jZ I 

ji?Lil j I *>j • -11 ^ ^j—SLIt * I jj*. ,^»)l 4 _j j_>jj oLdL ISLi I uJJj 
bUI jli li* . ( iJL>‘^l oLUJIj UU Jl) #>UI i^LII 

* I<—jji iUljudl jj^wail oL*jLiJ ^ ^>1 





- <L«ap! BUM - 

^ OjU)l jjjwJi jl { jhi\ tw-icij • VjXI cr* 

X.. j l_■ aJ l X_jIjXJ I Cj L ^ I O Laj Ixj I _ A i6^LSj XjjXI I Laj ^jjj^u 

. ijjUJi 

: »i/wcu £>&tj isJasjt j+L »L* j-»(5L« : 4 

Non Renewable ground water reservoirs or fossil ground water 

« t 

. [j Lc^l jr« OLl—o ^Jau) jLn-cl XX »jLc (j^l^il aXA £Aj“ 

c.^ j—w>JI ^ j^&il &x> jji 2j »LJ>I x-a ‘Tl jj 
« 

3 Li! j-«L5L jl au^-^J^->J1 (jiwu Jijuj . JV\ djuLJI Lj^DI j-c 

4 —^ j 4 y L 11 * I y ^>^!j L : p.*—■■) 3 ^ !X6 j^#o 4 — ! 

^ * 

aJ-X^ £a Laic XjLo 0 JJL?CC» jo_C L^&L-oa j! j^alSul aXA i_*. C j .Xjij ) I 

. j^jjl j» ajXJ Xxj JUjCX**}fl 

• • • 

: Am3jV1 oLaII Ja Lilli : 5 - 1 

: LaA uUo~J ( _ # i / c--Xjj Vl aLoJJ jJI Joi-nJI j . o -..- a~ 

. ^ISUl J^LUIj . J L^JI iaUJI 

: <Uipl DLxU ^iL» A JI laUwJf 1 

. > .». ,«jxl I j J*A>Vlj jLjjJI ^Lujl aJ^Aj L'-u I J? l . i n 1 1 Ixfe ij 

bl x-^l>j jj_i-*aJlj jjL«II j-o f^ci^ Xo_jj.il aLjdl x-jXji : jljjiit ( i ) 
a LAI xJlxll jljll xr . x..*T j\ ^‘Ij 1> Jlc LjL CJli” 

« c * 

1^4 I l ^ i 0 Li l .X (( A*» m*£9 I 3 Li l )) I 

* 

a £?L *-ij Aj^jJI ) jj-> L-^aJI j» jl 4^>t i? L I 





JjHiJ-iJ* — 


jjji—L I jLjJJt IJL Lj-; jj-J *— sX I 

51 n ■.. 11 ( ^i? Li i L$-> j mt, »7 > A_._3 S^_£ j£ Uxa _j A_w U_jJ_7 1^11 

A...,...^?jSfl sLil [ j :jj-5~ ^-Sjj-Oj-jJ-I jJLdll 

< 

J 1 jLjiJl LiaJLI iJ-b jj~b* 1 • i-tL) l ,^,.lsL 

^i?LII ^ L<?J—;i> CjU^£J l JJ-?w? jLli j-f^j i>j-»CLa i»_ ? k> 

^^uAj ^3j ^^>1 ^yJI tL^1?'-<3 (jLfjjJI i J—Ji OjLfl-XJj . j \h >a*VI 9^jjJlJI 

t 

<Ju l3 C>5 JI J1 s.La c ULi ^JjJ I d.,,4 r7 iJL I 

(Tjr^J ^j Lf il^il (ji-Jj (. J -. - >Jl^JI OU^ 

J?_^la> _» CjL*_4j jlf_j pi JaL>cil jLjjJJ ^jJtil Jl 

(j-a A-yljJI 9 ^ .LnJ 1 d—wa^Ji ^Lfc L jj-a j . V _5~ ^3 jLjiJI 

£ 

IJIJUI jj-jwaJi OLna^J pl^a-L :)l * LaJLfcJI ^£^1 -lij . <ajl 

, oli-iail ola—Jl j-a %40 ^1 (J-ai- j) oL»5Jl si* jl IjJc^i 

6 J ■ “-) i r »_a9jS/l ftLlI jl/jDI ..«.■>« i II (_£_^>Sn j^Uiil j*aj 

a L_dI J^Lsj d_£9l_> ijj oU jj^xJI jyx^a ^j3 oLtjJU jl 

£ £ 

jui-Lr ^yiJI J_< plj-sJl >jj> jjzs 9 LI I jja J_ z>\jJJ\j j jJ.Jl JI 

1 £?h.M iZ+£ OljLLa >\ ^ I j*j 1 It . .7. ^ L L- . ^ 

^\ J^[ (_^[ <j*p '^-~*-i cy> 

£jj) ilbjJ? <* .1.^.[ ,U LlL I ^3 eUX j_y^.,.. 7 _ l > Jju cjjj pj 

'j—l-> cU-b Oj^’i olj-L9 & h» *\j-i 1. j— h. *. 1 ^0 ^. ^ 1 — 7 . T jLjjJI Uj g 

. J&ji\ l ^' W*;‘* > 

oil I 9 Li I ^ji LJliJ! jljil ^jl>I j j£>j : J'iL>'il (c-») 

£ 

. v^j 1 I o I j I <lj LJI U LiJ i 1 ^ • 11 
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jji ^L*_iS/l LLi J-.j_j£ y> Lx^^-i ILLaSlI j-i-^l 

Ln... L . J I jjJ C «~. > ISLLJI SiLfl ^Jl 9 _^jLjJI < L^ jJ^_»_?(JI iJLajS/l 

aJL-fc (^yJLc * s <•—<L..ti-'>l ^1 9.1* * Ja-j jLui^l ULL J^-« 

. ISLLJI siLa jj L j-la *JI J^^jLLJIj fag.:.OLjjL> 

j .i't—C - ^jj 6yiLiJI »j j ->^11 litij OL^—LM 9-1* aL_L 

Ol*jLi_y» j-a jjLvt LL.a ij^i-i Ju^>J-I OLUJIj I IjS/1 

• Lj^iJi jLJ 

UL> J^aJ LaJUi L$_J j^> ,_/2 *j A.y.&j'J I 9 LAI iww -jj : LL 

: LJLII J-aljjJ! ^Jl a !jjjj 

> j ■ 1 I *—«.~— - jj !. _ ■■ —j .A. ^ ■ *fc, S4 1 ^y>U o l- L L s 1 

. L? iJI = 111 l^j’Lji i_L«. ;-aJ 1 1 j 

L-ji - u .>“ <_^ oLiyi (_*)[ jjtjJ-l ^LiLl - 2 

. iiiljJI aLJLt ^yi L^'Ljj 

. »ULI ^ Si^AI iljJll J* Jl ^a>_ J15JI >LI - 3 

jlj_<a Jc J-JL^-a jjj JiL. J.1 JxLLdl L>^_J v^— 0 v-^JI - 4 

* 

. 1 g ./».«> l^j>ljAL<al JJdt <w*_J jj j j£j OU y_\j 

: Ubpi oUU jLfaSJI iiUJ! - 2 
J-*_iJI ^ A.»tAI JJil aLwJJ ^JLjLSLII LLlH 

. A-wJajS/l OljL_gj*il ^yA I _Li jlS\j ■ «.£J I 

£ ( 
jl jl oljljja-J'Vi JUr I^iLU J-ni —j~ t _ J it jlcLj i-ijil 9 LI I jl L-> 

* 

. aj l> Lj I JLu* I aj j Ij i jj> ,Jj I j I jLm I ajj Ij t—»— aJJ...L I i l_jl I 
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.5 * ( 

» 4—-■ JaJ 1 oLj^ I ^-S t> j-yi Ljl IjLd j (j ^ ■ 

* t 

oii -kJl fj^LXj LsJ^t <^_b>jl oljUfil C>I.L>| jL-LI J^Ji.La 

jJ^w» Jtk-t ^Js. ^ j»LfyJI ji ^1 A^LJU 

Hi » 

*0 I^Jli 1 A*£y***k j ■ t»J t / < lj- ^-i l * ■ ■ ii m i »*i A ., I a \ , 1 Ij ^ - " i 

s-iA ZJL> oljL-f.^1 OjJ«> < _^Lt J^cLw L<Tj . L^jjj jjj yrt t ...LI 

UJj Cl^AI JjL-j L»JuC CaUI J i| • AL-J-J? AjLi? ^jlc ^Ls»i jj^waJI 

. aJLc c*Jj ^ 






4^4} VI M\ lSLoSom! Jilwj 


AoJajVi dliAil ^jC- * a.^<U AjaIxII 4oaa1 1.2 

uiUfrwy.:*] 4a2kjJjjaJ) (Jjlail 2 - 2 

4aa.jljjli^ij 3 - 2 

AajljJjfljjaJI AjaJiMill 4-2 

jisJi 4ja«j!jj (j^axiSI 5-2 

jvimij Cj)43L® 6 - 2 

Aja.jljjaJI Ci!ia-uiilj jJjlSill 7 - 2 

8 - 2 







: aIj-aI) 1 iu&l) A .l a 1 x31 Aj^I : 1 - 2 

aJLtL—a ijjj l j Lfc _yL>j 4_jlil jL^t ,Ja * .a £jlj_a Ln—JU ^Lt_ 

ijli j_PJU ( _ 5 -^-tl IwjL-^SM ^j^a JuJuJI La 

: lfUj . ^IjJ) 

. ^J-Ji ^j- 4 aJuLLlI JjL>oJ La LJlc a.., J . t JI oL-ljjJi 4 il*) jl - 1 

Ijlj . 200 jj^a l JiL L^jLia! ij^-f *)LJLa ^.. r c. jLj^U 

^Lc 4 _U!jJ 1 L^Jlkj J^L-X .1 ^yiJI ol^ i>t>Ll ^-.c. jLVt cJlS* 

* *" * s ^ 

SJ^C JXLj J~>I £31j_a jU ^jlfc C-_ij 3 4_*_jlj Dl ijL £3^7 jl 

* 

ij'_«-J a -..?..yN 14^nl^jJ! 4^, 1^ ^1 ^SL» / ^ « L ij 3 i_jLcL~»j 

_ * 

. jL*^! a.XA Jj^a j£\ 4^r?Oj a jA>j j*JI £-i J* 

1 4^aL/a~3*^l 4_ ? >LJI jj-a 4—^Jl OLJjjJI |*J (jlj L?^ ~ ^ 

jj-n-Ja^w ^jjJi (juiiajl ^1 jJU L AJ J^Lil ^ JUJuJI Li 


tl oLj-j- L ol .1 U“ a jlj . £3 jll 4 J J 4 ...I 

jj£j La CjLc IjI>"VI \^ > Ll3_J 1 jj 


. iLii 4_Jw)»fc :JuLi 


^il J_a I yc. 4, i.a-£ a^-j*- jL*i’l yL?w JJ-^ T y»Il oUjLC J_I»liil ^ zju - 3 

t ’“' ft ' 

J?\ s±1j i^>\i jLI £3 I j— 4 in. jujJ ^giS^J t »LJU JL*ly 

.SiJUL^i 






(Udj‘21 eUU 


. j-» ajUu^VI j_»j Jj-^ <^1 <LLLJI CjLSjjiII 

* _ ^ » 
jj* jj^-i jl Jj V juL^jJI j^c. ^LVI Jam. <u. : .o-«JI jLVI frt** ji> jli 
« * 

* ' jl Ct^*^ oLa j JL»II jl . ^. f»..l^J 1 <o^jL..*.r .*> y J I i_lcL-JlI 

ajiSvJ I til) Jjj t <~y£ j_i-l aL-il jL;5f ^iljil l j£- (JJi 

j-a (x>\j VI jJLJJ £»tjl £J_pll LA-JlJ j| • ij^U j-y iil jLVU i_JL*JI 
* * 

5Lit j LaJLu m Lj vi«i-Jjl ^->1 jj ^l ^ a 

>LS\ i — 1 j -. ' »L ^lJL;.u.11 ^L^vVIj t lj .-Ji OjJlJI i aL. oJ.,1 <*JjijJI 

* - * 
lfJL» jl 1 oUj ^y> jLVi ^jS A «.2*jVI 

c _* 

JI iUL i jU * o-^i7j £j^3 tj^ssJJxX Lj ij L * -w^ I j\ j3 jl 

• 4-j j L/x., 9 ^ i Oj I^ L >. ^ x ^ i I L? I juo LaJ 1 .^il I lj 1^ l^x *V f ^Jlc i Jl ».j>j 

^Ou ^ OJ^LzJJ 1 ( ( 21_JJ djl*4 Li I <Zj Lfl mb ) I) J i i <i, ^I i 

M* A * 

L/Uj jL^fi La^ A-«JL 3 ^( 1 J 4-Oj- 4~*JI OliLl I j i I ^*—3 i fro * « ft? 

»-LC Li—Lx) i-^._lC J^ju Ijf JjL —tj lib jJ O^i-zU j3L. i t 1 

< 

ajj Lt .. ;- .^V 1 JVj- j-« j^j"' jl^-^VL > <‘4> j-^ ■ OjUl 

iJ5Ul jLxVl olLalyj LJLdl i-^-LjVl C»li J^aiVI JjJjvJ 
J^4_£j Lo LJLcj 1 jLVI ^ »L*il ^->^J Jju*-« JbJxjl oLL-j»j jl^VJ 

. j^>Vl J-atjJI 

LyZ>ji\ jL-1! jj_x£ JJ2 JI JUjcu-V LjLa^iVI oljJLI jj 

If ^,-^1 (_y* aL-JJ iLaLil oLuJa)l cr* 

ajjb 2^1 - ^ t »VI aj-II <L. .>aI JLo-^_*Jj . aLJll ijjjJ »j«-> ~ 11 ^ 

y_i-Li .5__I C-jL ukll l>L*«a < _ S J[ 2-wJ aL_JJ iJUU-l -u-kjl ^Js. 





- - 

a>L*Ji I a ._ cJ <LjL—«.a a c1 cllc; a> jil j—x ^j\ j . 1 < <J I 

iiiajJLI cjtf lit . • iik-JJ iJ^II i>U*i! J\ # UI I 4 -J ^ 

t 4 H 

60 ^ ) 6 Li m a! 1 4i^L-i*l 

a^._>.i 1 jL^l uL.<aJ jLs * 120 1 &jIj^JL» 4,Si? 1.^0 kJS <=l>1 ,>^ 4 

^£L-j l ^?^***J ) 0!■ «! 1 O 1 U tL»U»l A.fll ? * 1 L 1 l". j 1 ^ .?. c. 

oI j 1 ^1 iI lIsJ l-*JI a a J 1 jL*rt c^fl 

li dUi ^Js. <• Luj . {^jjJI X JjiaJI « JaJLi cJLiSfl iL>LJL! 

—’ * f 

^3 . (J I jj^lj ,_jJx J"U-JJ jLI li '*-ijl j-A> ** ■* I .L To L~aJx AJ*^il 

c ^ a 

jL LLo^o^ j aL— oJl) ri Jua H» t i-JaJ I Oa *P ?JJ ^ 1 g 11 (jl 
^1 ^j-x; Iaaj • A*cC> Ia.sA*j AikiU ^ ^y-JI jL^I 

U-jJ Cols’ Ijt Lai . jjXXJlJI jLI ^ Ocjl Ails’ ^ij AS ( ^^Jj~>jjA r gJI JoX 
^1 Jaij 12 <c>Lxi aLoJJ JoaU. £jC> Lg-i^ £ju l^SLi 120) a>LJlI 
C:\jJl-z \jL> jjj-Lc ja> (jil ^Lcl LjU 1 ~ = --) cc 

t I * 

^ iJ^X L)-* . ( -j-^j" A ; ...«■■ 1 1 jj~-i-o I ) Uy?Co» jJjia ^jlx- 

jLI ^a j ..t. c- a_JL»J AjiLS" j-3i j _. aUJJ JjoU>f >1,1-1 JuJ>^ ^3 

»Ux_^l lilj . ULUI ^ c^-JJ Ll?lj-JL-c j-LJe. ^1 jLy \^) 

< ^ t 3 « «■ 

“Lis —jl “A-^c ^1 jSL-l 36 ^J! LoJI i>U 

. jjiiPvsJI jLl 14 A IL S ’ ji j -yA 

: l^LI£1uiMS Aja jI jj^ L) JjiaJI : 2 - 2 

j s- >*wJjl cLvLcc-l J-«-c- (jl?ull jyjuJi ,.w 

< * * c 

Jil ^ ^j^-a J-wa 100 ^a ^JLS3 jo>Lx> A.C ^ jL' I sLJL! -cljj ^Laf 


Jjl Cl 



d .1/31 OLjl ,i&) 


I -hjl^-i-1j jJL&l nut jJ-a-aJI Ijjb j Ltfl • -'^►tj j »jj 

<L li J-^ajil I <_y>jJI J-«-*J (Lot. JI I O LiSL^*if tj o-Jmi I 

* 

cili {j£. ^r-Xx!! ^S. .' 2} j g—' . . » »JJ J5J Jjvij J^-0 Jj^£ »-LLy 0^ 0^ 

* c 

>-Lir oL-s I aLjIl Juj_5n_jJ ^yit j j. «.il j-LJ-l jLo.j:..c 1 j»j til 

* i * * 

LI t lU J |*-£j . ^I La LJ Lc^ LljI oli&L-'fl 

JX Uaju) ^ LaLL*X-a i-O jjLI aLJJ iLaU-l A.SJ?J1 CJlS* 

C • f 

JL^-a^I d*>L<A ajx I ^>L u^ a L<® ^Jl tiLw J 

* « 
lit A—>L /,a . oj_u«—o j^SLi— J-»-«JI »JuU jli •oujil 

I :L-JJ *0—3LiI oLslia-Ji jli L>^J^«<»> aJlJL *a jI?UIi doL 

. J~w*Ii J-^aJI jaX Jj Jon-ji SjJuC-A 


^♦ix i O l tf I plx * jj»*- J I i +J-C ^jp-a J5* 4 Lc ^-5 I t , 7 ... mj 

<Sj^ ^ ^ <*—?L! d* La^a >!—*J lj t i i d *j LJ1 L«>^J^-w>J1 

^L « ■ C-^/1 I | +Ix « L > ^ j « i :Lil ** ^ * L — J 1 

* * t 

° Laa>_» la-*-* ^ChUjj T Ic j . j-dS^I ^L :feLj ^Jj*Vl <d>jjJL 

yi-2 VI jJ? UI ^ i s LJ, I ^c. iLo-_J I . uy oj -^~o Lj i Ujj 

J 

i 3 LI I sl^" ^ i > * 1 i ^ LLJ1^ LJ 1 J ^ 6 LwJJ Lx3^j 

^^ d?- - _/r*^ Ly- (_yi • ij^t-^aJI iiiJI ^3 L^Jyi- { j£s 

(1-2) JjjlJ-I iiwtAj .Jta_*_u.V! Ja jJiJ l$J iL>Li( ^LJaJl ,j^> sLlt 

t- 

iUj L-T, .^al.^Jj Ljjjjlij L>jJj jL.qJ.) tJi-oLil Jj^wlll Jj I ~1 

. L^oiLj v. w > 





-... - - .— - - 

ijuLiJI jjjwaJl »L1I J-fc> (1-2) JjjJ-l 


/■ - . 
Permeability 4 jjUU) 

, \ 

Porosity 4 j-»UiaII 

4 

Highest Permeability LiUj JlcI 

Highest porosity iLaL~. Jlii 

Well-sorted gravel 

Soft clay 

Porous basalt 

Silt 

cavernous limestone 

Tuff 

well-sorted sand 

Well-sorted sand 

poorly-sorted sand and gravel 

Poorly-sorted sand and gravel 

sand stone 

gravel 

fractured crystalline rock 

sand stone 

silt and tuff 

Porous basalt 

clay 

Cavernous limestone 

dense crystalline rock 

Fractured crystalline rock 

dense crystalline rock 

4 

Lowest Permeability L ili Jil 

Lowest porosity __ Jji 

v 

J 


* ^ ( 

^^C.) |«►**> j 1 <0 jl y^u ^J.UI I 

Ju. <l_aLkC^S ^j-iJ (oLt.Jall) OljL>_jJj ^ ■ •»k H JjjJ-i 

*■ 

jl ,j»*J_} > ( jliJj 1 j «.al .... a) oLaJsJI ijIJwJ aLil J—k> tjfJ I j> 

<U>jJU?jUi-l J-jjJI IjA j-a i^UI <U^jJJi L^rT 

« 4 

*. i- . /1 j 1 A - .;>1 ■ j 11 «j ‘ (iUj JU—0 . «bjl .lijrjl 







- <L*ay^l dU^I . -— 

jjj, l£JI i gneiss jl j_jJI . granite oJl J *Jl j-j aJ_j 5LL! L^JwaJ! oLJ.Ja.ll 
jJJai’) Lu> iJolj i i-j^syS diorite OjjjjjJI LjLS^JI j_pwJlj . gabbro 

. (#.l>I_; 

*■ 

^ -IJI^J-I (ji L 4 OJU jx oLjj-J l j_jX <*—>L» 

. »-L»lj ~6^>jS \ QA L >. sl~ j I <J-»j)lj • 1 CaUI Jjj 

j_oJI Ju J^^LLJI ^ oLi^LJ-Vi (^jjc auj ( 1 - 2 ) j£jJIlj 

. *u>jJ * j ^ ^ 11 J^j i^J-1 j 1 .L.. L d. zJ I 

« t 

l J?L-o eUOj^M sLJI ( jX LOtJl ( _jJ L.I -lL-j oliJaJf jjx j^xj 

'—' 1 3 11 1? 11 J-i.. ■ j 1 j T 1 1 j ^w 1 U*'^J I j^ ** —. '^..1 1 .1 ... IJJ f A.i. ^ ^^j1 j^ ~>t . t 1 1 

. <L-XJ l> 4 ...t.S I j J S LJ I I O Li-il) I «Uj! jaZm IJ 4 Loll <cLa Li I 

olii.kll jjx JlI jXO'JLj J^-*..z,...j ajli I_JLJI Lj>jJ jJic LJ 

j oxjj! ^1 >LJJ iLLil oliJaJI JU 

dL-Jj.J-1 OL> L I I *51j_* 0]U_*J ll^uj a_lUJl >Jl OLJjjJI 

j—y£ ~ L» Jj) ■ I ^J5 • ^ 1 ^ Jn_ 3 L-i^J I fl — J Lc i«.i l 

ft 

i (sLJI jj> £jLo>) jLwo I y> ijjjLiJIj ^jjL^J! JJoj jl ^5sl 1 4 .l.i^zll 

. <lO? j'VI sLif >i_jfjJ j^fj> L fra J 1 jj> jli JJJJj 

Jjj "V I 5 LJ l l jJ A .,1 l^ i ; ^-3 Jl ^ i. ^ J I ^ L -« i. . J ^ I 

oLjj^J lj . Late pleistocene ^J-UJll j .n «ll jislo 

^ *■ 

Eskers \j Kame ^ISJI Jo» »iUj Juj-U oLj^j Jj>j jl .i-jlil 

JUol 4_j.ljj JxL^ j- 4 L 4 n . jjj LfcJUJu^ outwash oLULJI ol... * jit 

i_>jjil oLjjj^JL j j 3,.:.^.ll 1 jLo5JI jl . jJ^Lil JJu ^ jJa-JI 

oUL5oul jZju l ^ju> Jj^^l *jLLJI oLjj—jJIj LcaiJI jjl^ljJJl olil>j 
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<JJ a (2*2) JiwJ.I . LL^j! ^Ja.,JI JlSwSf 

jJ j — > tJ I «.) I J».C Ln «* > LjT . 1 <L*«$ lj_C ^3 A• - <j 1 

. 1 sL—li Lj>jJj-^>v aaIjlilLI ju Jujl ^3 



(vj) J5wJI ^ iikdl ^JL] iljrfjJ- ( t — 1 — 2 ) j£-ijl 














( i ) JSLU! j iikil v “ 1 “ 2 ) JSLUI 

jjjJI J^w-^Li-JI ^ J^aJI ay i-lkyll ^-U j-L^fc 








i»jl^JLail n inihj ( 2 ~ 2 ) JSLill 

(Faults) fjjuatt aU-il Jx 

• • • 

: uiUiSl^^J JjIsJl : 3 - 2 

<lJ^J I $ Ld I Lw ^ 1 o Id 1 ^j ^JI I J a i nj 

I Old! 4—M&S’j ij y. ^ „*MJ S& j'l I dLd ( SjMt*.,* 11 

^ - * , ( ^d» I 5 Li i <L^d^,» >d 1 A ^ ^ £}I) I ^^3 *.* ^Lt* 41 t.7»m,l 1 

oLJIIj * ,U1 JaiL^-:J 1 j-4 Jd JLjcJJ i^ rl 1 dL^JL) ±J&JI «L^_g^Jt 

JLa^ju i AwoLt Ijj^aj . A, : -d(jJi I jL^jS/lj JjL>JII ^ a . .dI 

* « 

AjjJcJI j^Jlt >^lyi jl 5 v - _ - w^ i>jJu >Ly» i__j>j A-Jl5vol 






- - cLuia J&) ■■ - 1 - ■ I.,. 

6 

iLJU J_4 -bJ-jtf ^ji 4_g_?-lj-a yj-s * oUJU . ij—■» W.11 

^4 _wJ I cLL_; 4 _ s jJ i »j_Jail j|]?Ul.I l£ o_jl j*—l aJI 4 

• j—>JI 

t 

4 4-. X 1 t 4. j li o C ^3 4 £ I j$ ^J^aLc 4 j JlaiJI ZJ ^ 

I ijrjJail 4 (J.. 1 * .Jl JjlLJli’ * La-jgJl jj . 4..-.jtjSfl »Lii ,j£. 

ijj-ijJI ^Lr* - c#^“ Quartzite 44 

C 4" 

jX qIi— ,ji <^Jj ^xjl 4UC* j! ijjJcJI jt*jl 

( * 

. oijmiij j-3 4jiliiv9 ^Ijjl 

* 

^j-C j j Lf-julj^o C^> ^ £*jLlJI ^Ja.«J 

5 1 dx.riJ 1 j»> +uj LS . 4,«J?^1! ^3 1 

c 

olj <»_.— aj'i 3L--4 j - : -~* i 1 iJ^xJi CjijJL»wS (^-^W 

4jJ?!j 4 j 3 Laj oli £jL 4> aLil sJl^J <d^w? Ijjs ^ aj^I i. u ^ ^ 

cy» £jjLlJI ^_. .1; ^-SLJLj . (3-2 

3 Lit l ^ -.■ -1 jr £\ ^JLc ^j^J l (L«jjjj jl-LxJVI 4 jL^j) 

^ij —4 Jl ^LlJI ij_>j j-* ...tij j! Jk L-aJf . ( 3 - 2 J5LJ1 ) i- 

c 

(jS j^-i JjX 0-** *-^r? «^iuu 4-~4>j*ifl &LJII <Jj ^ *~^ 

. Laj>Lll 4xklU 


<4j(j LJ t p 4 ^*Wj- 4 j 4, ^ .1 aL-ll ^^ ■ - > 4 

#» ^ A 

4_.. 4 >jI eL-a jijJ JL> 4jL ^ oULjJI 3 jl *^J • ^i la l U 4_waLJI 

^—ill L/viiJI l yj> ‘ Ul 1 ^..?7: .n~ obLJI jV 4 l*jt (j^C 

V oLj_^LJI six J-i—4 ^ji 3 j_>jil * Lil li^ jl ijrp> 4 ^Ul i jJj—a}\j 
Gk> *£\j}\ 4_>iLiiJl ouw s -^J “*xjJJiJ |*-^*^ jLt *—j 

. aJife jjji 

-T34T- 




- ^Uif — 

OL-Jl-g—Ji ^**3 0 JuLL^ 11 ^■*— -'' 3 1 oLi I (Lm^ Ju ^jA -U*V 

iL-II jjX- LL^JIj ^ * l^>l * Lit 4,-iIa lit ^3 £tXJIJ j-*— 

1 iLjl^.i ^ 1—3 ^-4 & A3 . * , 7 ,« i>l ( I o«XA Aj j . 4»*»3^^t 

► 

^A-wJaJI oLj^-uojJI jl 51 . iJjj-*IIj 4^ Lit ^J1 j 3L.^- jf 

A 4 Jl *■■ 11 ^3 0ji 1 jLL I & LI I I 4 t I ^ j^jJ j • > iU 4-«—1 d LJJ 

. j L^-Lfc*i*^U 4 J 0 UII j 

* 

^jJJ-~^JI ^j-^-41 £-« jl u>u 

j^> jUii-t aJLkdl j**i/ JJj « ^oLjJI J-dii (jlx 

A__>UI cUJJ i-J*)La jj£j jJ a. >->UJj 

aj'j5Ul jl^ili 1 (x> 4 J 7 .....' aJL> (1 a-j (4 - 2) J5LiJI . LduJ 4 _ r ^jJ lj 



Oli , 3 i>L> ,y Water table i__>jSfl jL4I >->j —> jij-* C^J jJsLL^ (3 - 2) J5L4I 
(a) . i_Jl_t 4iL4; Cjli <jj -»-ij *-4>lj 4 jLii 
*-*- j V -1 3 141 *-> jo ojJ& I jJ I aj i Li4I o 13 j )*■ - 1 ’' I ^yj a 141 4 U^a4 j j j -* JI 

* L4J ^_; a_L«JI 4iULJI (b) . jsj-iu*» ^ £jb-4 4^41 a.* ^I 

1/ (jJu—J! oULk) I t _^i i_J'^*J 1 ijiliJI oli j_4^~4I J>Ij 4j $ -■ IS’jJ- u 


tfiljJI ,_4 j-4 iJjJI 44i pjrJ-l 4-4 ^wL, ^J! 







- iUiapif 0U,< £-0 -- 

u^il j-fJJ v-’M" 1 ^ (Terrace v_J*Lkll) 

Jy> jL_JJ ^jJLlu 4 -_>L)l ^ ^ .x u 

iiJJI oJLfcli X-t Jaij a^-J ua» ^I iJjjkll jrr ^J 

(ji Alluvium ) i<A. ; ,k«aU jl Ufcj . ixUU 2 ^-^ J J 

.^j^asxU JjJI y-:.; »Lll 2 JlJL. 2> i~*S ^^JLc kli <^j_L*S (j£jJI 

lr* jij |^ ,|j ^ ji oUjLI! j~S .j <^>i i-$> ^ 

a— i*xjj** ajjuLjJ Jl jjji ^L-J1 ^LLI 

* tjjXI ^ ^mC^ 4 ( ^wmi 1 jjJ I Law . i 4w^3 I l** I 

^jJi juc iliJI uLj£JI (Shale) Jikll ^ iJLt jJl 

C Ifil VI jLII A > i i ii 4 <jL>> /^-td 4 JwLCj 

* ^A <J l CJjMMiajj 3 L» .l I d ^w JU> OLtaA^l ■)■»»* ^ i»^ l ■>*> ^ 

. jLil J^O 4_i&JI ^iJI ij JjCJ jL-JJ iiiaJI >j i* V dUJuJ 




jJUJ! Jdijt 


l 

CM 

i 

•' 3 ' 



*L S ^ 


, 3 ( 0,11 




































































































------ Jdtill'jtfAtf — 

: Surface geophysical methods AoiL jjSjJAJi ^jki) : 4 - 2 

3 -® jL*Sfl ^il jji tuJjuill Ji'Ldll pJj^a J-JJj ^ 

* 11 . ^ l fc . L> j 1 ^ —■■■ 1 1 3 l.._^ .' .M V - A > ,!,. > c ^ I ■ lb. > 

l_* f 1 l —3 L^, ,,', 7 cykr^j^-l 

-ujlaj LJjJ-I aLil oLjj^ ^ JxjjJI JUjcl^I jl^i jli IJJ 

| < ^ l I ^J j" | t T i^ L£" lil A 1 n[ T 1 i I 

L-a— 10 ^»< j ^JwN « ^ ) I ,J \j dmj 2 l,» fl I 1 & W> U 1 ^LjlJJ 

# * ; 

. lj jjj-i? Sj l <C7 7 ■ 11 j jXwj LjJ^J! ^.it »11 j Lj 

: ^ A/? .-...>; ^jix LjJ_-_i_j_;__i-i JLo-7-»j 

4__LL_aJI i Electrical conductivity i_JL J( _ a±i\ .LiLd-SUl 

Electrical jl j it t Magnetic susceptibility a_;_-*wi>lLili 

t 

. dikLaJJ i^UIl LJLyJJI . Elasticity i; Jvr l! , potential 

U aJLij j^s. cdl^ lCj oL-.LJl)( jli iL~..u (_,i jjLcJ' 0^” 

( 0 L/LJ 2 JI) oljL>jJJ 0 ^?Lit jL?” Ijlj . l-j.^ ajl j:...bU vLi£JI 

^1 b « J 3 I , C»>jJEcJ I 3 ^-C "if 4j Li « J - g-K-a <U>-_jJ_^JI 

jOlfc JL»a 1 jj-a i ...7. i 2 Io-jJjj-U^JI , 3; ;jj7 ^ J-CjJI 

. !>-".ii..i.j-1 

sLII j jj>j »jx jl jj->j s^Li Ijj~oj 1 

< * _ ft 

<L_lLJI OILiaJ sA4; (3 j>I Jji? J-»^J "if uy^ * <J-wi?j"ifi 

olaJaJE j . I,ll '~ ij 3 iLo-CC—II jJjli ft-y 

. ^»lj ja c#^! (_^ ^ --i liU-Oj 


• • 




&LO 4^0 


: Magnetic Methods auiMtolialt : 1-4-2 

jzS\ i _ # 0J ? Ud 1 JL*it ^yi ol^- jcJI jj$v ji 1 J+ 

*■ 

L^l I ^ -L—^ Lj ^ l$U 1 _» * J i ^-3 k ^j*m 4 ~ ^ ^■ 4-/ ^ 

— * « 

»iiLi <l) l ^ -^■ - I^j aj I j I a ^*VI ,«H.1t LA L1 

J 6 

Jytljij ^J - : a . Ijjdj j-t^l »J-j •> 1 -.lj j jl L> jli?l ^y3 00 .4 -•■ - k 1 T j -a 

ollj^j'*^t o^U* jl . witll l _ # -- fcr ^Lxil JL*it ^4 oUjjJI 

o.xi-1 .x, ...j'jl) Magnetite o^d.*l I $j>j ^-c- 4-a > U ole a o -*^ JJI 

o^L" L^$JI Jo> ii'jJU!j jujlxJJ iUU-l jii-*II oJL U . iikiil ^ (i 

* Hornblende joL_j jjj* . glauconite CuLj _ S'_ $ . Hematite 

a . ..i • r?L .*-4 olilyul -i—-i jl L^li Limonite OjL^^-. i.Hj 

* 

^1 0.001 ^J\j> ^ (anomaly) olyO/l o’VU rjllyj jl , iijjv** 

. ^Slf L# -JaUd! JLjdl 0.1 

jU jjjy—aJJ a, ._^. J ?LJili ^IjJ-l j\j V~$Jl iiii ) < i ? ) f L*j 1 ^ ■4-pC* ^ 

ji . oi o^l> -oLo a. iJ.j>_xl 1 oLj..». .,-ilt i yja jujulJI yllo 
v-^-jUSlI J &» jL'Sl o-Jju ^wiLli i oLjjJi < i ^LJLI *ojuXI 

-■■ ; hIbilI OII 4_a, J L > ■= Li>I J.a «.i Ajj L^aJ-1 j*JL*iI j^a 
•CO-lJI l j*a y^-aLxIi AJuJa j^Xjt j cOjJ . 5000 - 10 ^>1 £j\jXj oliLJi 

^Jg.Jl jyi I jJLkI! jX wa.t..‘>vjI a.Jli olj j^_C ».)l 

cf Lc ajLx a...^^)?LJ(I 1 oLjl^jMi jujdj eJUi ^^s-i. jjliy 

« 

^w-9 S )Lc L^J v» *■■■<* .*1 A » «J- > u^ 01 ^ . * . ~ -> ^ ^Lc jl ,j)ft .£■ AiZC OLmm^ 

« 

^3 *, -.*.0 1) 4,.1 ^ 11 j Jl » eXJ^ ^)( 1 4 x. ^ 1 1 

l^J c.—J >jl> X. .,..1 ?Ljc 4 obi_ybl Alluvial deposits ioyJI uL^^1 

^yjl <■ U....aJI OUuiaJ 1 J y*jj 'I LJyil aL-oJJ iUU-l A i : I?JI Ob jUy aJ'^C. 





— . .- ——— i— ■ ■■■ . ■ jjlil — 

oi ^ ^ <*.-■;—Jr?J*yt &L-J0 j .^1 i 

cU J ^ ■■■■-■ ; *juJ t 3 5 ^ L i) Li I i L**1» t i 4 (< _3 » f i i ) ■ ■ J? Loll i 

clljj i^S { J>s. l j5LaJL) ^ l\a.._ ,>..J1 omi ^ . ot j*. J^l 

iia—I jj ^Ja— (3j-* oUli^l A ;I?UjL» uU^« 

* 

If U*j . <■ fj-fM «_yi DMagnetometer i-^^JsLJua ^LJi 

a 

■ tj"®"*^ c#^l l£./* 4 *_/*■*$" <xii£' i ^iL.h j 

f- A 

1* (j ^ *■ -d*.> (^ ■" 2) 1 

^j-9 L*JlI 1 <o L>^-*-*^I 1 . gjL .ula a * ^ 1? LJti 1 Qj L>^^.L I 

>—aJmJ L-—^yLfc jj-i-*JI (jr® LiL* *—Jj-yl £J j-a | 

i—-jLI ^yLfc JJ-L*J) ^y3 Jl » . « T ..^*^t OuLLtl oV'VI jj • 5jAJLa j cijjJZjn 

oL-ui)) ^ *■* Lx ^ jj ' n i ^yLc j J j jL*)H LlJaj 

. A__.UJI ^y3 9jj.5 -000 ^yJI 500 ij\J LjljJj—O ■* -—— 

!j£*Z‘ I ^y— -}f LLa I jL>%il <Uj—U ^yj-C- <*—-jAaII »L~> >5fl JbA—*J 
9 —3_j ,. n >9 ^yix. receiver (J>L> — 1 .« JI I^xa 

. LJlII JL>J1 £y> 


: Gravity Methods ^>la : 2-4-2 
ijuij Sjj-Slj i—; jlii ijj ^yj A..A-. Ja.JI ol ^ - « . t J 1 OL-uljJ C-i.'.. «■•, — I 
La j a C-j * L-j oUlIjL^I 1 Aj^jls^}\ LjL-aij-Xji l g-9 Iff . fl* J' 1 - ' I 

C S* 

ij t jp-*ai ^J_C « L.^w».w>J A ^r*?. ^-O^ LL ! lIJ L>^«— u—^ j-*—^-XJ 

Ux ^ -ii ^ilj i)I oLk>wj oLcli;^1 


J^A-> ^11 O C Sjj ■ ^whJ^LjLI ol 
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. Gravimeter . Pendulum jj-O 1 


Torsion balance 


C^. ?w a—i;U a——al l _ f L-C O^j-C-JI JJ—C £-Jz >jj 

^ CjLiX^iS t.uiau» Penod J^jcJJ ijjjJi »j-cJ ^ oLs^Ll^I 
* JLPT»T»»i<*i' . ^ L-i I ^3 ^p«—i>. —) I L«j Ji t J i I I i 

Ul& dJjULo |<L_ij Jk_i I ^+J? R«o 

■*6 * 

I L>t-a 10 ^ >JJ ^ i <Oo ^ IjL-6 I 

• * * « 

.^Jlc <lj ^ Li- i Uiji»■« 1 5 j** U. I \Zj I j-*-* LJ 1 ^j,*k.‘ju_ aJ Li y> i.a.<j i y^sJ I L> I j I 

^^ajUf J Jo ^ ol^JcJI .JL^Ju dUJjj . ^L^ Jcij U a ilLa-o 

Loji? i^^Lij ^iajLJI Jji? jl ^1 . i^SU-l JLv« 3 -JlL S^LLy> 

; (Optical) * 1 1 jJ* 7. n 1 . dui jno«aJI ^j^LjLI a«Lw 

-8 

J^r 1 - 0 j - 4 ^0 ^Ijj- iij ^^ix Jj-^aJ -1 <>£-<: d^L. ^U! dS^> 

^Ul gradient x^d-l ftJli jljJ.! Lo? . L^jSll i-jSU-l 

- j * ■ * - 3 ^-1 1 \ 4_» J j U-1 j f . G A 1 4—*j J LjG ^ 3 ^jX 

t yLi! <_r* accxx -4 ay J T * ^ ay£a£ ^a ^IjjJ'llI jl j-I 1 jj^y 

^ J‘ *‘- T " ° ij——* •* J*^-> i_»^_ia_sJi Ijife . OoU JjJ? i 

i-jjU-l iy jjtjcJ L>xx Torsion JJ 

. u^JuSUl Jx 

^ ob-^waJl J-O iJX- ^Lc. i^jU-l JJadSlI -UXL)u 

^jLx_) 4 __»Lxd I l- .. -> jJ j -._yj Ij 1 4 . > ^ I j — i- j*j t j_aJ I J? jJl v i 

Xjuj 4 _? LJI i 1 JLj>- t olil j^-> Ij a.ai « :11 ajj a.«.U a, ■>jJ 'j ,. >JI .~jI >»l^ jlsVI 

a^^wo-11 i J1 sCa \j» ..a Jl j.XX *x>yj 1 a^jfe J1 a fc >LjJ 1 ^ rII 

Oj^ajl_> JJ_>i_..-2j 1 a—31 t, .‘T ol j—~Ju 1 j [ rt T xl OL_a?lj_L_9*VI Cj_Cjj G1 




- - 

j\ 0 LJ 3 J! ( JwXa A_Jb>i_a |*JL»_0 i J~>J jt-J ( I j—w*JI 

^>jC iJLdl oCji . jJJI aXf; aJLc Jjll. L jl Folds oLuil 

t f 

l ^Co £• i J L-it-4 j U A_lL^_3 J) Clj l) ^ ^ 

. (6-2 J5LUI Ji>^) ^>Ji 

► 

JLLJ> ^ JJLxj l*jjL4-i iLjiaJ ZJujJI 0 LL-J 2 JI ul*-& ihaj jJ >1 

* « 
jrr~*j bUiJ • 1^-3Ld.. : . 1 ? 'I _jl Le>juxtf %.ni >j*JLaJI ju>jJ^-w« 0I ofj-JcJl jl 

J- -xlJ <* > 1. . ^ 3 , a . 7 . Jl JJl—J.I ^ JJJ JLw^xJ olj xi^IaJI 

* 

C-io. » T .»'! J_3 XosLil A-Ajjhu A-iLt.T11 OL >j —.11 jl ,»Xj i >jj1 

. 1 9_ r >^JI jLo^Jl *_Ami 


d 77 

' \ 

2 

i 

* > T"’ — _ /' ^ , '' -„ n>4|nHicfi«W-««rf<ilcomport<ftt 

r 


£ 1 


> 


^ .__ 


tzz 

\ ^7< _ 

v ^ 


BuMiakrxii 

Uolfilt Jmoortl cf utwikri rfinium 



sjxb-i JbwJJ ijiJjjjl AjS jil t J.? jU; jl 1 *■* (5" 2) 

b^—iS" , X_ J>Ua1I HjJzil Jl«—«j . jiJ-l £ily> -b-i^ <_#-* t _#* , .P.>~?JjX-$JI 

jj^^Ull fdjj-d) j;—il I tJ ix. s^~J' . iJLj-j^-J-l j^l ;>» 

. iiLjdl 







- <U«d 



kLb 4 »%> ...L ^_pil1 iiU5JI j~> ^ ^ Ja J L* (6- 2) j£-iJI 

lAjj i-sliSJI ur si J <jw ii")L«Jt l j fc . ^ 10 ^jli-ljJI ^L-J! j,—^1 . *~^j_J- 

1 j^.ljJLa i> _ f — J jLjLj wJl_r>ul rLj'Sl i_aj"iUI jyuo iS^-“ '-•li ii—t ^1- ■■ 

. ( 1 milligal) Jli" ^ 

• 2 -j 

j_j-liL a>I» fc—jjA jl U / 10 J^jyC _j* J15” 1 ) 

( 4 ■ '’Jy 1 i-jjLil ^uUI J—JKJtJl 


: Seismic Methods iu/l^l : 3-4-2 

jJaJI ^Js.j i i-JljJjJI J^kJI (_y> 5juU_j i_sj Jjx)i o! 

Ju JjJ Jbv 4 ^ * i-jiLAI iJj^J 

■ , u r £.LJa-i?l ajL?vi^L» il^! ti^> jJI .[ >Sfl J«jo ij ^..■ aJ 

J-LC Aia— Ijj jJLklt ^ ii)L>-_j oIaL^Ij oLsL-w* JCx. sJjb oljljAS^t 






■ ■- - - — .— — — JtOAll — 

U .-~*—: A i Seismometers ol jr ^-^ J -o_ r: II ja 

oN^I Jj*—; * detectors oLLit5Jl _>l geophones 

■ -his* J* Jjj 

(7-2) JSLiJ! (ji Ja>^L . J-a-*JI j-a ^ ^s- oLidl£Jl i_w j .uccjij 

V'rLr^ J-&-*- L$j-f i-j £L>— <y y-ay 

Sw »l.7 a olil—«0 ^jx OlLilSsJI <UJ (Fan-Like) j£-i ^ 

iljil . (Explosion point) aiajj ^ 

6 * 

diyd! jjiwill aJuuj Ilf Uljl ity» OL>jjs JjLj i-j 

« 

A-> A c I I sljtfl J^L> ^J«?dll (1^1 L»l . L$j 

,*Cu 1 jX_} »L^I JuJ^ aCO^ilJl #Jt_£j ^ C « ~» • iiLLlI 

. ( 'jL 0 ^ I ) I A, fl . Jg J I ^} ■ > £• 



xL-Sd-'jU Fan-shoothing ^ jJ.\ *Ljb JLju-1 Ow 1 »—J£x (7- 2) JSLUI 

jlfJVU oi^liU ^jUJI cr* * Jk ^’ 

. d . jyuJ jj ft j 111 







- (2-3 - .... . 

* 

aj^j. Refraction Method <o j L~£j , YI LL^JaJl l _ r «—J ^>>1 ii >Js JU& 
Ji>V) j—* a ■')! axu- jx ^.-a • .......a Ja> O La ..*iSU I m aJi^laJI 

A_ j S, oi g t *Ha I 4 ^7 1 j ^j-a 4, < ,..wJi i OL>_^ll ^- d T .I U>M> ■ (8-2 .Jl 
^ jjl oljfjil »i> L$J"!^> aslll CJLT IS I 

oU..,ia) <l»^II) <*,* r.kll oLLI ^ OJ>j Ijl Lot . Olftl^l 

: v_^fjX (oUyil (_jl) ji ^yJlj ( 

A 

: 



-&j a 1 <ij I 4j j Ij — i 

j l . I = r 

jjSn Ji—jji ^ = v ] 

( 9-2 JSLUUi>V) 2x^1 = v 2 

U f^_r (ol>jII JUxd!) jLi^JVl # U‘l ix^J! iLjjl jLT Ijl 

^Jw-sj jjl j(... - SLA’I ijjlj jl-i ‘ *-JLc i?j.,a—JI ijjlj j! jl 

, * Q 

J-4-Co LaJJ-t . i>j_<JJ ^jIS” ^ISoijI 0 Ja«.) <dU liJJi OJLXj La.UXj . 90 

* 

o( g .„ j. <i^_sL*_dl jll jLi i_^?l^x_a OLijJ? ^ ajUill 

J-a; J/tfl i_5LbJI A iliLJI . (8 - 2) JSLJI 

—1—’ —1 6 4 3 »J I *4 * jSU 4 ( I 1 ^ 2 * 1 *^_] I ^ ■ -* I ■ A jjC 4 ^ .'1 . ■. ' | 

H Ja—pjJI J*>U ULJI j-a *jj> ^JzJu ^1 ^JjSfl iilkJf 

*■ 

jj_xa ja> iiULIj iS">i-l ;U Ja> p~Mj !jl . ^,1-cl jLlo'l ixdULis 

oU 1 ■»■** /> I ^ ^ (10 “ 2 J5UI) *3 1 1x1 1 







. . . - . . Jjjujl JifljJI - 

^ B S { j^» iiUail cl ^JJi C-J_pl ^ . LJuJl <u_JaJI viLs— 
j l i. t h • ■> 1 l « » i n . ^ £ ^ LJ i I 4 ^ i J? 

^JalJ B (_ii> i?LflJl J_*aJ 4 iUaJf J (^aJj < G ia—<jjl UlkJI 

l^mnj LlZj ^j LwJ I JaiA- i IjJ I e. jjL I jj L$ O I ^3 4j^# L-^> 4j 

I <—* !■■-■ > H Jxw^J I A£>^h* ^y) I j l.*^*!*^ 1 &S*J**< £j3 

iiUJI (8-2) J5LUI <y . iJUl oV>Ui! JL^L ^ olo^L 

.Gk-;i JX> SB iJUilj SDEB LiLJll gJbJLj^ B ZUI^JI JjVI 

^jj t| d^wtfLfell 431 ^hl f 1 dtliAjJ 






OUll it) 


Line norm*! 
to boundary 


Boundary 


(Jl) ilil^dUa jlj-.Oo J^UJ! juLt(9-2) JSLDI 


i i 

: ^ jrf- k j^j J-£ j?\ « »lf 


SD DE EB 

*2-TT - + 7 , + “7“ 


SD = EB = 


: o| ^4 j 


[ l =t 2 


V t VjCOSl 


2d DE 

- + - 

t cosi v 2 


DE = X - 2d tani 


: 




-^iirt j-ajjf — 

cUbi oliJiJI jUtl <j» »^-Vl SJaULI J>x^J 

« 

COL-?* ... :U C/V jL*-» CJ_i.il JLij . A : ?Ja-■■ H a a-JH j«a ^^JLc-' £y* 

jajJ ( _ y JL.-. J I Jai-t a_ai. t _ -> rH Cal_ j-zS\ jl 0*^J ^^iJI 

A.._..il wr J J -/jb ^ oL-aUacJ^I »j_c jl . (Travel * time curve) 

• a. a 1,? >Ji I a—w LlJ i j*J L*i I j t a . ? ^ ? 11 « l « S\ I OI n ■ b 11 Ca Lc ULt j I j • ._! I 

a L*j I a * 1 lj_*J I a A& ^ - -f i j 1 .. ~.J d c.^ . - ^ olSj>j 

^"2“^ 0 j * t J -A I J ) l O L^4, X JLQ yMMbil dj t I 

„ « 

al^J __y3 iiliajl IS ACC j*j . J_>lj »L^I iiLkJI iSjA- JCC ^jl IS^J-\ 

J-Ji! cU-iS" . aJJLxll CaULcJI ■■'*~'^* JlCL~j 

olciisjl jl o! y^Jill (olaJal! <Lij£il) a .X...MI jljll A£i ij-Li 

* » „ 4 

Cw U” 1 I a I . <> ,al.a.an_a ( _»]3 L-a ( ^3 l cA-jj LL-a» „> JI OLij I 
JjL—AS .J^ ji A_jL_JI (j^iaJI JLd-«.T^^L Ajii A-Ojl*_a ^^mJI 

.ajJxil 


- 48 -1 




- <L*apl CUiI /3 



(8-2) JSLiJI jj^aLI JL.-JJ Travel-Time curve IS^ (10 - 2) JSLiJI 

t _ f k-u y <- . : Jk H try —M v-aI—^ *-*■>-*-:—U aJcUaU 

I ^jSll JjS UL> Jaij 3 J l .j.* s~ju (jUUcl'!ll 

oUi&J! ik-ljj ^_-il oUuJ'^ijJi jyjy-* 

UJlu^ ^ oU-> c-iti (13, 12 , 11-2) Jl£jSfl,y 

> j£t ^Ij L-^Jj-^-u^JL iil*_dl c/x'U-l 
A » ..L. I U9 li^J I j LLj 1 A«Cy—»■ ^3 o.^JI U-*l_5 * 1 ^ ...‘ 

ju «.^ Li ^ruisjLj jJ'jJ ^o-_ a_.JIjjjjI j( ^i*^l Sxj_ _J(.i_7.lI JUc . - «It 

U>O 0 ^Llj> JJ.r-Tj-t ■ ...11 J-a Ajl : J/tfl . dJl 2 JLaJCuJ JU^ 

UJjLJI ( _^A Aj 3 ; J? cU C . AjLU^ C C L-a l ^-a Aj ^Ss-a A jLJ? A-fla LeU 





^ jv-a Lki” o L>jl I wi I jpu I : vJ. jJuoJ I ^j-y^r 1 j I j I basalt 

,j^j» Lj t ^ I o l a ; k 11 L-o (^J lift .!»■ jj . (14- 2) I 

*■ 

J—*J <LJl*JI iiiSJl ( _^J .LjLJI i . .1..JI ikiJI La! . j^JLc- Jj~aJ-l 

L.a. ^i . L - dl oljuil! j-» i_JLt ^1 L$Jl jj . iJljJjjl oL>^-JU 

« 

J^kJ! j-a l»j-_t ja 4_<tlS' j-L^I jj^^kJI a.ift J-fu*-; ^ uua-aajcjdl j^iiJIj 





^ O ! a m k !I l _jJa'L*La f | l j v,* 1 i i ^ jl ^L>h^j^I i Ol ■« fl i ^Jl a * ~ ■«I j! 

ijjfj 3 Jl a- « , l I O’fifl ^ pXj J—*JI JJ-fc *-JUJI iij—JI 

j^jJ 2L>ill ^La-C^U j ! ■ ‘v I V J( ol>^.*n.a ■ ■*! i^i all ^...^a■> 11 

Ijlj . a-ilfsjl J»JLij HJjj_) A>lj jl (jU3L>i-i ,J--S jj> jj-JljJj L7U3J~« 

« 

oljL^-V 4.1 ..Jj 4_3 JLa _ -I jiLt 50 j-a Jjl JiUj ^ 

jkLil ol^_a_iLI JL)-«-:—,I >jlc JlcL»j !-Xft j * ijjiiail oljlj_^VI 

• 4 . 1 ^ I I 


oL_> |a . al — LI olijjiJI jL a,.L«llj OjJal)t OLm lj-llI ^ -.U 

I4 »*\j a J^>“ jy^® I ^ 1 C fcwJ ^* .*.1 l_j 1 ^L “ C ^SLh 1 I ■ ti 4 - I 

^^1 jl Jlj»-j j_L) . 4.8,1: L-j olaa Ji ilc a^_*-£jll LilkJJ ^j^L-aii.-a*^! 

» 

k—. JI jru Jl jl Cry> jji t ., ; , ^ olj-jJU ^1 ^ j « .^i t a*jl 

sjlft j j> saLii-»"^l j5Lc <*_Jxj . Iftj^ » ih^.ui £j\3jjAj j-.jcJ iJLtjliJI 

. ^^LttaJ*! 4jaUj ^Jl 43Ll^l 4_. _ a L mJI * *)I t-ii-ii i la! ^_^al! 












1^1 J_yi jLt JJUI J^LkJI UV' i ^> 1 “ A') S (12 

_i ; .;i t iJ^liJI oL—U jj£ ^ 0 ^ • oL->ai^ l_jUJI 

^1 ^ jU jUJJ U-Jj . Ji^J' ^ a^ 3 ^ 

. JU ; > uUL>jj-> J! £^~> j-^- u » iU ss > u 



—— rt.uj yni 



or* J-2-* LJ^ 1 - ^yjt OL—Jw> O'- JaJ^i j£-i (13 - 2) JSLJI 

~ OL>j j ^ji . oUaJI jl. ~ . ■- ' A ... 5 *L*JL^a O'lsL^L j&j . £j _jil 

C-j£ L>^J^ ■ ...a :ll ■Ujj j-p a-. l «- f j-» i-^^J-l liL—a 

ji )-L>j (oL_Ji_ll ^y> J_*S(I • J-i-D ^jlL-J! ,A_—>1 Ja...JI 

* • ^ 

. 1 u L-^Lj ol j-j Ij Li j x -° 







100 

liseconds~\ »Shot point 


300 milliseconds 


V, « 7000 ft/sec 

(does not show on travel-lime curve) 


500 milliseconds 


700 milliseconds 


900 milliseconds' 


OUL_aJI O _«_o J jJaJI ijlij; ."VI ^jLfc _i ( 14- 2) iJI 

. (cJjLJI i_^l jJ-A i_L-3 i-JLc i.i J? LUjtf 4-Oljjl 

crfUJi J- „>-di i ^JL-Sn J! JjVi ^1 

J-i qIj _II J_c ^jLjjJ-h-h iji "ij lbL jj * _II ii-laJI) (tuff) 

. (cJjUl) LL=JI aid I iS’jl; JlcSfl >*J i^J-l sis sbej 


: Electrical Methods ULjaSJI $)hJi : 4-4-2 

^t ^ ^ J 1 O I ^^3 I Ml ) i i I 

it «• t * 

l ^^■■■^7.. >J 1 L^jV! 4.* j'l 1 »LII 

t S « s 

jli jJjJU . ^-Jkl i _1-a-C jL^»bLbwil ij^u _jl \J\^J I ^^->5 ^L- 7 -^ "^4 

, A . si /-ithI i>}Lc ajij-^a j duL^IaJI 



- aldl LajJj-a 


*■ * 

^yL^-SUl -J-J-l Lkd-L>l t .X j j -l JJ j- 1 j}-J ^1—j^4 

^jC. Lk J J_^> < J UJ I . J^ji I Jjx l^-c j-° uJsj Jj-> J I j V-i tJI 

» > 
ijle iajUilj .xj-l jj u-Li . Jaji I J*>L> jLjJ* jW> j'JL j 

. ids j lil I |*J ^jJ«-^iaJ I I (Jjj '')lj i ^ UL C ~..,> t -X> I j j L$4 *j 

)A>jl ^JJI >_—-1I Itj.,..,.! LbjiS’lj > <cSl_e a.;.L->_j j J2J oL:oJ Lla 

J y jL^ . ( 15-2 JiLiJI) Wenner and berger JJjj Jj 0^ 

^0 I-Xb J_Jl j j_£j j-o. l- Lruj cA-ixsi! o^ in. a 0\ -_i v /wLd 

, « 4 

<j-?rk..,Jl jj^l sUo-L) ‘ ^-O-U 

»-LaJ 4 -LJI 3 iLaLt ^Ju! Jl 4 i_>LJa-bSf 1 Lry 4 S*l_JU> lil ..J. 

. 1 -^jUU v UuVl I4J J* JiJ LjSjl v Lk»VI viL^ Jl i>UI 

i_i Li5k_- jU A-kdk' L*-wlj j^jxJaJI J4J-I JjJ ol _JLJ .„.T J 

j-l-*- 0 Lj.~— a_JL*JI I J-J-l (jjJ jl . I aL-i! Lc>Jj-r? ls" 9 

LJLa J-S' jl * jjL*ll J.S'Ij jl Oxidizing sulfide j _Jjil Co^-iUI 

^2 . ^ J> I La^. -fT J J^-S" > 1 d—' I J * 4-y ( ...-, ■ 'T I^*£ Ijj OIJ 4 jj J_t«a 

f ^ t 

,jij3 oL^L-3 J^A-> ^j- 0 jl jiL*il xx£ j^Lo^fl ^2-xj 

I aLJJ L^J^3 ;i ? -l 1 Jwg-J -1 JLxjC^I jl . ( yuJJI -M-4"l 

•— -Sjj olj L^fcLwJ jj^j (_JI J?LII J O^JH_Jl JLa_cl (J fjL> 

4_djj>d I <i_o LLI I >jib LS^-i ®9jj—< 3L) t_LL%-»t<a 

• (*^ ? V I Q X < .1 Lw-J V_-J" 









<Udp1 oUU L—#0 


. A_lU.ll J >JJ—-1J -J* jUJ dk,« », . ;]■?!* ilyj d-ajULa .-iL-JKj 

( ^3 i — |» j I 10 li>j! JLaj ULo uUcLC j I 5Li» ■.„ <1-.T* I I jjtl I 

t * 

i JsA3 j,Jwa 1.0 IftjI■ jJLo OdjLftJS 4^111 oLJlL £_iil {jUaJl ij XL oC ,j I ^SsJk 

J fl * 

4.■ iLc toLa^Lia >il ^Jl jiLaJt t UjaXj * jjJJLL 4, j . nn ■ > 

viUii >x-JI iLo . ( r>e ^Vt olSLL,) Feldspar jL»JiJlj jjjl^SUl Jj_« 
j^JJt (2-2) JjjJ-1 . ^,*. r .iiH iljll uy ^ ^»jLS_a Jii 

. <uihj^ <UJL_ r I? jl _yA ifljldi, <i_>S jaJ I 


i-JC-kll jljl! ^ AJLlJ L-Jjjul! ijjLj^JI LajUil j*J (2-2) Jjjj-i 


✓-;--- 

SjIaII ( jjj» =— 

, - "\ 

Graphite 

3 X 10' 4 

Pyrite 

10' 3 

Brine 

5x 10' 2 

Shale 

1.0 

Gypsum 

10 

Fresh Water 

50 

Gravel and sand, saturated with fresh water 

10 2 

Serpentine 

3x 10 2 

Lime Stone 

•> 

10" 

Granite 

10 6 

Quartz 

10 11 

Calcite 

5 x 10 12 


J 




- - 

. jL Lilt i ^£JI) i-j'LxJI jilail L^jJ uJ <UL»JI I Jaj 

^ jjj->j-U J*)L» n-.j jLs (Co l_J lSUlj 

A.rt ~ Mi> J 3~**'' ^ ^ Lfl cli>xl_j . ^ ~ u y~4 yjl j-iljJ I ^3 *QLo \ ■ „1 1 OLcf^-3 

• * fc ;-t b ' . U J-ilj«*JI j^JwaJI lUlL^ * J-!r£ 

_ f A 

LJxisJI jl ■ jj-Pi—si )I OajLiLo JbJL^ ^3 LlijjI ^ ji,a Clay (jxIaJi Sj->J 

^zJlj CJj^> ii”oL^I 3 . .,;»c.U j^5y, m. 5 LJ.L ^imnll 

ijJi <—'Cia^— oU^Vl joa S/*-a j[ . . 4 J-I jjJ Jjj- J.a j . : .^.» 

jjJx-dl l^jLLa i _ J i A ■ ..JJLJ! OUj3^J *...»-;. .m i 

' t 'i 

. oUj>«_jl caIsJL i. « J i 

t-V • V ^ 1 JU.JI (15-2) JSLJJ I ^Ji, 

* 4, 

*_jUail (ju) Ji>-bJI ^ LfJa aj j-fc jJl-_iu .X 4 j-l ^tiisV! 

OjJ> 4 w~«iL^ XwL-j IjLXj (^L^JI jL-lM 

c^_ duli L^:.,; LjL—oliL—a ^UaiSfl li! . a__JjjJI ^ 

: Aj^Alkll LajUll ^>LJL iJiUil jUu-il 

Ra = 2na — 


lijjjsUaJI — Ra 

jviiS JS' uu iiUil = a 
(LJjiJI) -14^1 J> = v 
JaJ-il^LJI = I 

js. a_aLc sJ-cli «lk_tl j£s V aJU UjL»1! >j& ii?L —j j 

. jLwJI Jtl»_J JL*_iJI J-o-jJI Cfijj (a) »UajVl Oyj <LsL_II J\j 


(- 58 -J 





- JuJapI eU4l ^3 — —— — — - — 

Cij]? jjj i--.J y ^ v_jliuSn ju ji-jl ...111 jU ^lUJI 

^ * < « “ » 

aj j - - -^ 11 1 - c.N I ^3 I* Lka-i jJjj jt y£*£ I Ii j L-J1 SjAj fjyt. C 

< _ J JI jLa-cSn JUJUn-J 4_...^LI1 jl . 4 jUI yA A \^\ Jj_c jjJJ J-aj 

jjLiJ jl i-JL j 4^JI jjiaJL oULkl) aJLs^I UL^LDI ^kJI 

jt 

L-yjl .«■»->• pj d-* l- d - > d^ ^3^11 ^^3 l ^ . 1 hC I ^uLJl 

. 1$jLs jLL» ^ Lojbta oli oUJJ \jjaj 

(cl) Ij *Q L i. i ■ A J laj C^ rf l jA JwO^jLil! OjUj^CsJ L *.y jJ h ■»■■*! 11 ji 

l j Jlc J--> m l ^sjUJIj . Ja>u i_iUaj v iI ob^j *_iLLuVI j\j 

’* * 4. 

. j - ^31 jl l JOc- vO . m \ 1 1 jj ^>H j Lai I <y*.* . *. 

<U?L^!_^J <»J j_3J_a A JJ - .-?-?* oli .J? Ju Ji_^ ^3 ii-iL^ixll aJLfe C«l.a. » .7, .-I 

is^) . JO l —A ^.X_Jl > _ <r £j OLlipi-o 4 -fl J oj t^a ijjJ*_>J J wJ - J g ul^ui^> 

. (17-2) J5UII ^ ^JaJI S J^J >T dUJr Ja>Xj . (16-2 JSLDI 



jjjju c.l.i ».:„-1 LojLLJJ L-JlLI ^tLiil oL—;y> (16- 2) JSLill 

juu (till sheets) 4 ^ 4 —odjj~-j L?~ m ~ :n ^ <oLtw> 

Jj-* wD^-> j-“ J. -ijl »^LJI ol .t 7 ■ 5 '^lf 1 J_»-C |»iJ i-jl .' ~ ^ I 

. liyTti I L i jaX jAwiJ I ,d?lL» 






jjUJI JtAii' - 


R*>i' . ii\ 

•f 



intrusion 

_->wJ I ‘ Lj a L*_i} 1 .Qljl I II 11 ^Jsii I (t-~jjYt Jl,.> J» I (17- 2) 

y ju ^L’iS" . 1 ^yJI •'»* J-iliu) j_r-<L>wdt i Ji~» 

. ^kill u^ih, 


-w j j_4_jJI AJLtfLilI (jlj» <u -Ljj <ju iiL—JLI jl 

i j a . «J I jl ^ 1. j-1 u lft a. V *w.; . |»J-S 100 j-a jJ-S I »wX -XLC <iJj_3jJLI 

^ 3, 

rjh~* ji i AjjjJI ^ }L~1I j;j,: ,m. ■* i ^jJLi’Vi ^Ja..,.U Probing 

ij-o-*Jt 1 mjj ■ I lg-^3 *j J_ji <L4_^Ijil I <L>I O(Ju k i I 

ijLij (-jUaj'i’l J\y * _a_sSfS LjLJLI oij olksSfl Oy j-tjS jil aJiaJI 


^Aj a ^ l -.11 tl a 1 J ^ ikJ i A^aj i dll , t .. 3 ^mpM j pSjJ . ‘‘■k2« ^ A .. 2yj_jX 

-U^J . ( 18-2 Jx-Ji) L^Uj^I v LkiS’i 

j jL-jJL A_ot_*_2.' jLa-tSn xs- oliJaJ! k-ajULa ^ l j£j• 






■' ■ Adia^V CLbU 


wTy oLa—JaJI JS* ofj—jLs) ( j*rL—J«* t Jl> ftjl ^Lt 4 ijj^UaJI ftw*_jLall ^ . Z »j 

ft ‘ 

oL : . : .k)1 ijx. ilj LJi” _11 . Ltjj 

* a 

o^j oULhJI iJLft jlj ISl . «L>oL«_jJu«II ..... a,7 ^_£?l L«i^ 

ft « & 

a J ■ , ...,. a ^^>*1 iO La ^ I aj> j 3 yZ-> **J La i ^lx ^ ^ ^ 

. OliJaJI liiij yx 

sl_i! L_»-jJj^» iLajLill jJ* JL<fc».^*i ia>oj-l< ^Jlxl J-La-jl 

jLLs>li ifljxjs** JuJL^ j«J ^-La-J . ha i Q\,Z ft.J? 0*i/Li-l (^a-aaJj LoJCX jj^Sj 

I ftj _ fc.J f .A ftJJUj ift-i?J ft—il^wi clJjL ft x Jg <_ftJmJI e LLIj ^dlil e Ul ^ya 

500 y» JJl ^Ja—Jl jjJI (j—*JI L$-J j j&j ^yJI ji?UI ^3 L^y-a 2 >-j 

i-jj-ajjf jyjwaJI oUJ? ^UcJI <yaJL; iii^iaJl LliL> U5” . 

ft 

^3 . yjyiJIj <_rJaJI ^Jl jl ^j—ai-l oLfl-i? JjJ^ * ft-iy£*Jt jlj3_pl 

oJt—LjL! jljll jl_.il 4_|J..,.. a JjJL^ r» LvLjtf iijJail coM c^> 

JjJ <y J_—SJl c#Ji J>*i ^XjJ ' ^-Lr-^J 

. Ujli »UI Vj ^a 

ft 

! <CO Ljy^-^J i Lil ( AJU jl? A - ■ -.1 - ^ 1 ^..,,... 1 —.r J ?\jLJ \^S^J JLjb 

^Jl ^ll\j < dttJi 1 < j*ji±I ft L^jA\ v^UVi : ^JjVl 

j-o-* ^ J-*"*’ £* cr^ ^ uj^“ 

s 

,jI?Lii ( j3 jjjjo jl a.;,«.a? S 2 J! LJLy^SvJI ftLajUil oL-Li 

. (jjID 


j.3 ya ftij^JJI Jaii ih—^ ft-jv^Jj^ |JL»-» ^,,— a7 yXC : ft—‘LtJI 

« ft 

• Vj^jrr 3 ^- 1 JA" J* JO^ 0^ <UiLi>l OLa_^Lua 





-- ■ ... - — I jiUJI JiA&JI - 

JJ! jfi iJb Jal'' LoX*-'_11 ol-uJJ ^ia_*I JjLIulJI J.*£. jl : iilllll 

«—^Jl :jiSLJI xLjUaJI ^1 jLL-s'VI ___.iy *jj 1500 

. ^ a_> >ji ol juajuJI ^jJI iiLi»l au~-.L-4 

* < 
va> 3i L -- ' -. . I jiSLo^VL o Li i. -,i 1.)I 1 pj lil 

. Lj..-L yjliu)l L»X-fc LJli^$£.11 J^aJI 

Interpretation 



100 500 1000 

Apparent resistivity ohm-meters 


_ i-l <f X :. n 11 .. J ixl I t-ij Jaj LhJ jJ^ ^ a- —>v-J 1 jlj-JJ i-sjLiil (18 * 2) 

. Probing 





----- ^Ui J-ajJi - 

: test drilling jiaJ) *Ua«j|jj : 5 - 2 

^JLc. J o, «,1i JvL> ^ jX —'"iS jJ*-x J i!U- ^ 

C i 4 

jZt Li I jii-1 _»I « » L J-jj I ^J> jJ Jj *)L I I ^ 2 -j 

L-JLil jl . < t -—>jJoli. i a. l l jx LjjJLkll oLa jIaII l JLp Jj^udJ 

objj>%ll jl . C*_^> ‘ Lj~j-J-lj ^Lll j-Li -1 <j-a <_y^-ll cy* 

* ^ * * 

JjjLjLI Jt»l ^j£>jh-l La LJLtj . ol^l—ji-l J»>l ^Jajju La wLc. Zj^Li^J ? .3*^ I 

> 1 ) ^AjM jl : Ji j W -3 * tj^jL- ^ -l j-* ( c Lj-ij-jJ- iji >ui) 

^L«7 j\> ^3 , i_yL>ijl jjS I L t ... l a oIj ^uLjj OLa 

t 

:^yili3l jLxx^l . jl>- l_j j~ _ii j-a ^jLj LjLr-Jj^l oL jj L J1 

. Zj^L^> ^ oLj ^1 j j*j«J! aLjjl Is. jiJ jj ^LA-I <Ji]S 

gjL Jl Z,L..-.~ 11 jJaLil ^ IsJ^ 1 yLi-L { ja^-aM J oli x.H 5J—J.1 
<J ■ ^ 300 t jj> j.t. I ^ la., J 1 ^s ^ j Li i I A-xy lZ a — > * ^ ■ b & o Lu^*^^j 

. siLc v_i-JlSL JjLj j iw>jiiJ! ji> ^5Lc jJ?Lil ais> 

• • • 

Drilling and Excavating 4 jjjVI j-iaJI Ci\I xa : 6 - 2 

: Equipments 

Z_aLc S^iaj 3<_y* *-> j^l g}.s>[j jJLW OljuLL Z-JLJI 4 LLjUl 
<y <^3JI jjSL jl ^jyil jr> • J-5*-o 

(jJI iiLtfl xJLa-«JI ^y^ljjJL jl^-a^l Jjj LJL 4,,. .r?jSn sLJLI OLjJtill 

* rf 

aJui -1 I r ■*■ 11 i _ jl | tS-jj . jLM t Lj I j Jii -1 oLLi-«J Aj^iilll ^>1 j^l 

L^j|-Li^>u I uL_^JuLLI j—-jt^JI jl *^l t ^_j»ljil il> 0 -la ic 





P 5U) 


^ yr Jl ,-Lc. J ^. j 4»1 JL?LI Ijjs j^s ^.7 ..-t.^jJ. I 

. <CjjJ-l yil {jJ? y <0 /> «.r.11 oIjjijJJ Lb. 

: wjVV'u ji^il 

oT^L >J.I y biwlSUl JL^LJI 1 y> jL*VI y j ^ a_Ju—c j j .. I y! 

jl) jJi ‘ o*)b-c- i ( a_i; ^y o'V'Sfl >j& ^...■-i.>vJJ j . 4jjjJ i 

2Jl y 1 y-^- 1 •>! lj • Aj^aJu 4- 0 ly j i (oLyi.lbLxJ.lil 

< <Uj_! S j- --% a_ 3 yb* 1 a_«J-L*-ll jL_j*i I : yt a (_£0**l J^-_b 

c 

j. I y-j l_^-> 2 L*w 1 -V ^ * O 4 I jj 1 j iAjjJu 

£j[ jLuX-l ^J[ J j-^jJI Jujl I it XJ-^-il jJz j> jj> ji\ oUJill 

* « 

yJ-l wo'ljy jLJ ^yi ii ■a * -* — — Ul jl^il L»i . »ljjl y-t-C. ^yll a—_<w> iSu 
’-IijJ^i! y a_*jLiJI yj\jl% . Ly« jyyul ^1 lySflj \ $ - aK ^J^s. j .^juls 

■-J t j_iJI JaLo ^I Y I jj 1 J l.o «—' I yo; yj i <yj JUii I £-j La.. ri J I j . j .! 

. ^J1 ... a_j jl*1 I tj-J lj y j5L!! 

JJLjI j J-a_i-1 al* --, OLH J l—a-A ^... I <L~| I5b> I I yLi 1 O tj, —-— o y 

LJl$L»l ,xz yi yyJ! yj-l oUb Lai'. fj> J_Ji bLI?y u-Jia. : ;j 

bj <y jL_iJI y-il ^Lyj Jx> y—UJ 5-y-Aa jLj-tl ^yJl JyJI 

100 jj> Jil y_c olS Lj-y jj_y>dl jLYl j] . ^Lil yl CjLyJ-l 

_zJi JLo_*J Lf &j 4 LJoi j Lw aJ LyJljl y>y yJI iljll y> jfj . »jL 

ji^i ^yb jiL*J iljll jriy-lj jbil a_~L_c. <■ Lj t yy) I J-> l ^ 9 j j>— t .' 

oljuti ^yLsJI«L-7 LI j_3yJ LyJljl u>j jijil \ > ~^y > j^~i y — 

. yjl y> t Lyjl Jjj aL-JJ Q-bl 






a jL LI j-i ■> Vjl . Lj-JL; jJLjJJ AjjJ—JI OVVl OjjiaJ » cUJlS” 

J>lj L—Lo LjJmo lSy_L oiLio ( aU & er ) “L^L f-U 20-15 

^yLj-ljJl jl jJ-l oj j^’Vl jiao o-—'’ 1 -! ,J o-4?jVl a LI I *— J j.—Jo <Jjo_C 

C * m* 

* j»-^5 40 jo jr~^\ ^ Qi k <^J J,/"- 1 o' ^o_/2l jL jj ■ ^r - 4 -l 

<*JV iiUij ^»jJ 20 JiJ -*j aj« ULS" (Ji>j U?Ljo Lajo-C J*uJI jl VI 
yU-l jijO> J^l^Ll jl^a 9 jj> J5” ^yi Lj-JI j LL£jL> IIa Joy i_JlLo 

JjLw-L «L5s .7.11 9J»J> ^JlC. o -II- t J I J^Xj > <*—oL <Lw i‘jjLfclj ^rk.-JI ^1 

( C M 

(Jjl ^LoJUj ^jI 3 JO flj oLc AjjjJI Ix^JI jLI JJ^lJj . LjJy L*jlj 

£oj « J I 9jLj £0 Jo Ij-j jjil ojj-JVI ^ dJUL^Vl u-^ 40 jo 

. jiaiJI BjLj 


a—o^*.jyJ I ^al? LI I f JL* 1 • ■ 11 doUJ^oj <0 * L*2—*—3 I ^ Lj I j,... 7 _ « j 

« 

Q ■ •< j* JJ 20 jo jil ^Jl LJjL-l alii Lf-i ^Jl LL^JI 

s* US' ^^Vl LL^kJI sli> JO Jjun-! Jlllj C-ijjf jo J^JUjl voLl?_ jJ Jjl . Ao 
jji^Lit w ^*o I »LI I jj* L ^i <J_ii oLooS" ( _ # -L J1 ^ 


_i”l a_ii" ^jlc. j j-AjJJ jJL>lj IL-Jao Il^JI jLI j_a ILJLu iUj cA 

^ « M 2. J L»h>.^ jJ \ I 3j 1_) L-fti I j . Jjl ^l>V aLil ^ 

J^oVJ-1 J J??J jl - ll — jLoVI jjjj 1 oJ1 i?jV I 9Lit 

. jL>*VI ^n.-.~ 1 <1.^11-! t.,....iLiVI tiUIS 'j ax^JI ^}jjj jou jJj^JIj 


: Jetting Rig j! lijliil! jiall Ci\ixA 

t * 

Jl LjjjUl jl aj LajJI IUj^IiJI Jj* jLVl jjJ- lijl? j| 
2L> J^jo- . (19-2 J5LJI ii>V) >JI flio r _^J LUI 0 ^ 0 ! 





— — 6U^t Lu 0m ■ • - . — . . .. — . . — . — — 

lid ijLfi - J-M Jal vJ-y 3 J 

* i f- C 

Laddt *d£In j*i ^cXJi La j I) ^*LLda j\ dd^dLa J ! 

<Ua-/ljj t _ ? JLtS'l Jl SjJL C^-dLJL cJ-l ^a is^LJI jljil *JjJ . u^jS’l jljj 

JJDIJ. I JJ J. ■ *■'»)! i—'<U L$j 1 j^a jJlj) -LcLxaJ I * HI 

jj-> fji - la J D a_?*j>- L‘ d -J- ' J I aJLjj jf , ( ,n\ I iwJ_j_JM L \t ■ >w ^ JJI IjJ I 

I A-l.n }I 31jlI jI . G> a.,I <-tlI J5\JIj Xya^i -1 jj-« HJJ-I a..,i j)I OLiJaJI 
^Jl ouJaJI ujJ. t _ -> v j <» 3 Ja jj-a JaJU- >;Lc ^ aLJI £-a £jU-l J! OJuLi 
‘‘-JL-J? “JLjJ d->LajJLx-a JlC. Jji I <Lj-» ..-til j-a diJLJ . ^dJI Lg_3_ jr d>i 

. u3 L2J x -».a! j o L Lj t j> ! j£> j 15* I j I o LuU I 


: Cable Tools <£LuA\ djVVI 

^ _ t 

jj-a »JLa»lj a_>LL-JI ZJNI jf ^jJI a_uJ? jl 

aJ'S’l a^U a_--J J I a lj_>S‘l . jLVI j-i-* oLdid J lie- j-.—L Lfc>_ r d5"l ^a 

Ji—% JxSi! Jl o^I dJ^-J . (20 - 2) J5LDI J Id....a iLjJlJI 
fSJ . 3 - 1/2 Lfta 3iLx. £jl j_lT (j-Jlj Ji ^ J L»j-d^ *ia~d j-j ^^d-JI J->l.i 

d-_>- aJJjJI Jx d-..:.LI (Spudder) Jl ak-Jjj (JjjJlj J-JI *5" j> 

Jl 200 ^ JSJ\ jjjl c dji . >LI ill Jl 
(^JaiJI ajl J 3 U-I JJ 1 jl Bit a-a-flJJI dJ jJk-Xj . J? 2 Cr- 

iijj £j>Ji uJJi r 1 -^* 6 - 3 Ls 3 ^ J^—'j J| 

(Bailer) jUI aJ?I JJ 3 IJI ^IjJ J j-aj . a_a_ii]l ail** J axJLixli 
JjdJ Jld«> jia*w 0 UJ 2 JI ddli' lil . dU ««JI ialnr 1 (J 

£ « e 

jja>_aJI J Lai . J» »J-yJ J Jj—"^il j_>u J^’l 

J — S' jd_JI j-a JjVl JjJjl a-Ljd Jai 3 Lr SU ~ II a— J — aj( 





- - 

£-0 i~ I iu j ■ * .. 1 . 7 . ^jJI LJLaJI 

5 i « 9 __Jst9j * _y-pl 1 I I ^ ; 3 |»^J 

Jp-IjJI !»jJI ^3 ^Ijjl 10-5 ^1 I it^ jb Li J-<aj jl - caJuL*JI 

100-50 <ux j~* J_aJ ji • q.aI . nil »jjJudll jj-> wjJI ^ ^iA! Ju* 

. LJ-a^Jl i-J-JaJlj i-l^ll i-XijJI yLAI JLLfc JL>ljJI ^J-JI 

Oj ijJl JjLi* <L»-Iy U aiLc Oj> « .fiJI jli ajj^waJi CJli” riI 

^1 j I.;. ^Jl oliUaJI ^Lj| ^1 J~i ^yJf Lij-LicII 

j| US' . ^jJLcSM ^1 Lfojj Lf->w l fcJ jjLAI oVl 

. aj-*A I I ; ; ^ >- -■*. .1J J-y» jL* 4j jLA-1 ^ ■ L /1 ~. 11 ^y-C JI_yl I 

* 

jJjLt k-iilj 1 jjJJ Zj 5 J Q.« ) I l_ilj_Xjl ^JlC J—ajji jJ.A.Xj *Z-*-*> 

3 t-'-al I ^y3 |*aL-J (j^>\j 1 1 ^ T.g 18,7 L _ - « Cy- > ^jiAt 0*iil |»La! 

J^LlAAl (_yLt dyjU-! a_^>jJI CjU.JjII ^9 jiAl jj . i-yj-y"^l j~^l *j^2j JljaM 

* t * 

Lai ,. ajJLaJI SjjJLjLII *J_yL—;aJI cA a • la II ^3 yLAI ^ UijI j j£j Lj 

L^.:...:.^7 aJLs <j\laJI iJUj Sj x jl? J\ Xs. L>jJ ^.^u ^JJI JL-aLtaJI 

* 

. z> Ijl _jl LaiLt <-. -« ., sij cL)jl5"j 




— i.— idiaftl ftLX! 



. ill iS> >\*\ j\ ^Vi out i Lju_ jLSl y> oijjw (19- 2) JSLU1 

- l»-0 * J Lc a..L c i I 

JJiJ y Jjt '—*j ji j£x jJJ- 1 i_JLx * Lii yJI Jl J-aJ iJUsI jl 

yJI ®j__-_-5nJI ji y-Ju^aJI olJJLU y> ij\Ii)l yi J (jrviaJi i_>J 

* 

£jUI jL-aLaJI y y_AI ^JLflJ Jjji-i. £jliyj jl u^-i • y-^' -LL-t Jjyu 
JjJI LL^ yi-J-! <LX>-c. c-a-o-ju . ^j-JI y fJui 50 Jl 15 y jviaJlj 
JI v Lo . pcUl J-JI y LL 4 JI oLLJaJI y LiXJI 

JLj idJjUj <Oa ydl ol -.o.?LU ajj'...... a j ol..i >5 sj y_JI ( J^lj 

yLa jlxLw . yjo a I^_. 1 »jJo OI j! > L-j^-sj o^la & ^y _ y - ^ l 











<Ly(Jpf &UII IkA^lyX 


: Rotary Rigs SyiaJl £j!jju 
y-> ^ a_*-j Li ij Ij jJ I yLL! j_j jb j i CJ IT La jJa 1920 ^ It JLa 

jJl >JJ LJLJI Lx jLLjVI U 4 J jL^J ; ay** JLaj . *LJLl jU 

L—J (j> 4j-LVI . yLk| * Lj! jiJl pUxJ.1 (ji L VI ijfU.1 ^JX j 

yJ-l tudS IjX La iklS* jjJj y ySL L*> £jL' ^,-X yL*JI £-3_j-0 jL yk W 

A-aykJI jIjI i!L> ^3 ytjl ialka a j Lx__1 v. J.Lt^ Lai-UX jj-^^-aJL^ . A_JjVI 

j*J jj ill— l x % 3 jj <_*yUVI ^1 yuXI J—-X. ^ > A -1 I ,jy^j Ltj A_LLL,-11 

£ * 

. V—^l fljjuC J a aJujJI y£j 


j*j . 9 jljjJI _yiL-l Olxjd ^-wL-jVI Jaixidl o\y (21 ”2) J^LJI 

t 

Jy^ . L L -kx ^Jyl Cali sjljJ bit lrt.a.1 ill—Jya CjULkJI C-.rJjj jy*_^all 

ik-ily j! Laa I Bjlj J iiyy> i.I jVji la J *jl kk-aiya SjljjJI LJLUI ^1 iilkJI 

* * 
jj . LJLUl JlX yo ryaj yij-l s—lyjl jV-> Mud u\kJI £-*Ju . yi> yyjl 


^ k -j l yxJ aULyka yi*Xi*)l ^ki £ajjj y!_Jl JV-> ^.k > JI (jJI jrtkJ! £JJy 

cly»w ; yUl ^5j_» La •■■^.a3 L-^a v. -]~*y 5yL> (_j3 JL i: . _ . > «_wj yj 

It 

^y_*yJI ^oXtAa »Lkj Ak■ -' (j * A-JI *(jj-1 AxtkJI J LaJJ I JVL>* y,a 9 i - 1 <__y-L 

• (gears) 


A-jjjjkJI yLkl j»JXa JjjUa> JU-Uta t A-^JLjJI ilVL (JjjJI ^-®Jjk ^3 Lo-S' 

Cj l-L*-aj a.. > • jJ(j .. jO I clallj »^xJI (^aa! J^l[ytlf 3-XX ^lx aj IjaJ I 

^yjl 300 ya i-i-a_dl ^-X A_oj—^Jl oU-ilJ) ^ yU-l J-L*^» ^jl>o . _/J-l 
yiJ-l JjULaa jL» a ? L n :11 oli-JaJI ^ La»i . j»_>-JI ^ 500 

y Lj V L^LLJI JjJI LL^k ^-SLx ^^Jx . ^yJL 50 30 Caj rjlyj 

i xJJI Ja_yJ i-L»x * l-:-'..alj y*jJI jLjjl «LlVL ^lL I J-L*ja 







Jj-lj ^1 L^JIjJ! iL*j |*j LJJJI JA..:.,.;j ^jU-l Lux! 

. I J •* x ^-3 L x. ^ ' jJlJ I 
*■ 

Ol a .Ml <jj5br LaJXX ajfjjJI i-LjJaJl; ^-U-l ->»Lc oL^jwoJI j-S\ 4 J»bj 

ijj.J-! OUJ 2 JI ^ Li" Oj_f£Jl JLSwl L-a-At-a LSUJI LJLc 

(jljLis J*)L> ^ w■ 1 ....• 1 j! oLj)«. -'tJ I jjj> oT? . <t s $5bdl cJjLJt <zjI,3.J?j 

.O_^5b!1j 9 jlilil oLujXxH t_jLaw ^jJI (uUaJlj «111 £jj*a) JJL* 

jJJ ;jbUI ub -^- 1 i^-bi J! vJl^v Jl IJub JJUII v ^w- ^a>_ IS 

. j-iJ! LJsjJI«l^>blj a .7. w) I e. \y> I j { jJLJ 1 s —>0 I) la> j L-fi i j 

* _- t 

jjuxlj i*iDL5’ _jJ -1 cA’I j-a i.ix jljLii ^1 uL>! si* »j^JI oLlac \S^y .j 

# t 

^Jj 4 ,~.;J! oLLiajl ^,-U-l ^yi Uajl Zjj.* ,,-iJI O^IjJ LkS" . Uj-j-iij _yLi-l 

jjJ I 4 ,^ i UJ I X C «i ;> • JxxALSb lj j lj_^aJ I j^*-> 9 ^ -LLx ^ylx ^ 

^ -Lb J-LjJI 9JLS jLx jl . ( j—, 3 iJ_ijl jji 9 LaJ» jbjjJI 

.< * * 

oLa-JaJI (j-a— sJl>I_^jJI Ll> ajL^xll jj_x_*aJI ( j»a *• Ij^l jl 4jj_«jl-! aJI 

j*a ^L J k J j \ nay 4$b^a -. » . " Oj^iiJI iAA ( JjLa 1 4.1. f*l T H ^X a ■ 7. j 1 i 

. jlAI j-i> OLJLaX 

5jb-^^ Olj-«_a-i . SjljjJI jJ-J -1 Olj_*-a ( jx A .i. L ' .— •j tx ^ 1 ( oJ 

sjljJul Uujh}\ u S^xj_ yJ-l i_Jij-jl J*>U- ^yixS/l ( _ s Ji JJLJI I—.^utll 

I»Xj . I I Ji-V I ^ I jLT La JuX J l I 

Jjj£ 7<-n-—i OLL ■'? a 6 .I 2 .,.I^J 4j 9I ^jJi (xJaJlj HI ^i^a 

Jii 

L- ■<■■—» at I a..J Lx jiX L. ^il I L “ I f < j , Lux . Lx* 1^^ I J^L?* ^ * * ^ L1 ^ ^ ~t LI 

1 j I (j* aJ--5UI £-LJ I :j LJ L»J I Lx j~J I . j ■» ,g} I xj ! jLL' I 

(jJI 4.1. L - L i O l , i . .la ) I I >c JJlS” ( ^ r a JUjJ JJJuj . I £jl-J 1 ^ I 




- «U<iap(l 5UXI .^D 


aLJLI ji?L_o ^ yL£l Juj lit . iJLajd! j~s. uL^-^Jij 

vj-j'I * lj-f)l jj* jjJ Compressors <■ ij^JI oLkcU? 

<4-a Lc. ij j -. -x ; d I C-j 15" 1 i I <Ub^iiJ I »J»&j . ij\JaJ Ij f LI I (j-3 "if Jj 

jj> ol-L*-o jiL jT . I....,j iuiJJI oLiillj »ilii j^s. 

*— *3j& _yL> Ol-Uu-a jl SjljJ ^JL> Ol-Ln-a-S" ( ^ljL^,-T_...<l i j£s 

4 . • * 

. uUAjjiaJi Lgjl ^1 < <uizdU 



. jUj i_>wll jLS’l ijljjJI olijiuI (20-2) ,^^-1)1 





-- —. 

: Pneumatic drills CdjIiaJI 

■■■> »Ul 1 jL/i jii* AX- j:h J I 4««J Lc A- I jA ^«i* ■i , *l J ^ jA 'pJ 

. ^jSlI oL^AJ-t jiUij oLJ £5^ LJly> 

C-llj-C ^Jill ajJuajf A «!■ r» 71 i J.rfiJ I jji? jd ^3 Ol-Ldll aJJk j Lv« 7 . ■«1 

* jo 100 “ 50 ^ j<i .* i j jl (j'** c^l ol.« rt ^ 

. aI 4_y Iij^JI Olj IdJ-1 ^ V —‘i ji .A>!j ^5 (j>> u«i l_ if ^JI ^^0 

: Selection of Equipment Cj) Jjt*l) jUa! 

oLUlf aid 7..J ,jjJI ^s- Oljji-a jL.r.vl 

>V jiJ-l jl^l$|.... 4 >jJj-^JI J| diU*! 

3 J J :XJ J, 1 . r? il i »J Ij jJ I JuLjL iJI (jlj 4 JtPl ■ rtll £j j «i*JI f 

* • * * 

. jj-1 A ..1 0 C- *■ jot A >LJI ■“ *— ■ J-^-J T^X 4 l rTLd-0 ^ ■ j.2 * !^>l Jb^l jlj 4^»Lc 

j£j Lirt-,/id 1 yLM Cjijbltt j j- . A-SXJI il^fl Hijjif JUjC«.I (J-iajj djlj 

L*j—e- l^Ju ‘il I 

«lj»iW ojjj ii15" 


• • • 

: Geologic Logs u)5tx«ilj jdjliiM : 7 - 2 

«■ * « 

J 4->jl (j-4 4^ : . > U jl <L> j ^1 Jj_> oUx>^Uij OULJt jl 

* * ^ 

**■•*■“-?- ~ - 1 * j-L^I j| • (Log) jjj-i? jl J^— jl ,j£* jj^l j*L> 

• j ■* • ■ ■>.'* • i. 1 j t 4,.., ; j ! tO II t 4*> ^)jii>J I iZj ji j LJ I t aJ IJslJ 1 

Uj . ojL*__JI tjA jujro {ja . J r .,*»n.:ll ^ji ajLuil ^£. Aii«i 

Aj»jAj ( j^a ^..j ^J I * *i 1 7« . r . A , ..<A I jjS Sf! jM I jij j T11 j ■ Tn*^ 



— <u«aj «ll tU^I Ud.y^>. —--— - - - ■ 

oLL-bjl jujl^ : jjJ'i I iJLjjJI ^LLJI 

. jj\ UlLuJ ,171 uu iTiUJI * jLJlI iWJ .1 

A A 

J-a £jUM oLxxJIj oLlill 4jj..jL> <Uj-fc~aJI »-i* uImI JL>I jl 

jlj^i . jiit)! £A ~i>yj OJ^L L* »aLt jiJ’\ i-JLx 

A 

-L*j J.H «■" jl tw^*v; SjljjJI ,i_£l Oljuu-9 JL_*JU»L i^UI j-ii -1 

Ji-'lij ^ j-5”7I ^yLijJI (jAjJ '-■■»Xj ^a-Jlfl — ■ j^s jJu^l OL?CiJ Ol j 

0 

iljl! yj-£ iL*j I jljjJI >> ^ ^ ptUI JajJI 

■w-a— oJI j-4 cllJJ < j_ ? _i J I ^ jJIjJI uUsJIj * Ul gj—* £■» o-* |*-juVl 

• uyiaJi jl ! j-9 ji fx> jXUI J*« J\ 2jij^LlI oLLiaJI J-j*— 

l? Lc. 0\Ja)l jka . 7 ,^1 tiUJJ LjuJj < ZJj j. ,■> £jJJI uyUi CxjLxj 7, 

aJS'Ij jjljjJI j-Li-\ !_yJjJa 'X$ ^ ijjswi /r 'ju 

. J^JI ,^>JI , JL^LJI ^ JS* ixiL-^i oi j£r . ^l^,i-50LJI 
^Li cUJJ . jjJ-l I 4 JI J-tfj ^jiJI ii-kli <j^JI oUUaJl ^ 

. (22-2 JSwJ) Ji>7) IL~.JI >w> LLJI JU*U 



|33| m 33Pj«ii ujoij gicfaQ 


^iuii ,>un 






















































- — 

<j* a^-JI £* vLr* ijr^J L^J J t - ? ,-..; J I j^j jt 

oLt jj-L—J l ,j^tj_> ( _ J J Ol ^^ a J I (i<r «£-*~» . ^J-J-l ^ i ■ ~iii i^ ■*■ 1 (JUJt 

4 J*i T l j-i-> ^ il«i>J^Li- -oilll J-o ijj j-i-i! |»JLr olJ.-JLJI 

ol^JLJI S J> JU o yJI ^ . jljjJI >LI J jl^LtoVI J^U jl ILSU-JI 

| * i* ; 1 £■ V-*?U 9 yL^ - 1 L^-J^ jljVf jji> JL-C J—J (j - ® ^ ^1 0 ~ ^I jl 

* 0 * ’ 

. JjL Vjl ol ^ .JuJI #JL^ jj>jJ_^*><JI 

• -* -■•—-~ 1 ( 4 1 /V i * I* ■— 1 1 4 — ,1 ~>T h ■ H J I 4L .1 ■ 4 J t Q» L*.j i .- J I > II 4 ^1 

Ov O -0 -? * jIjLIIj 4 .& Li -1 >■ ...II ^jJlC ^J-isJu 4 _,lai 111 I 

_ -rr —t oLiU-il i 4 - 0 Li —11 > L . ,L .-II ; JU»m Ijjb *£JI oLLoaLII 

LLoi— 3 . U jr _cj 14 JL. i L j I j iL*It ,o»l LSDl 4 .; —.J <ol_jj^>oil i 4 _jjljJl 

^jj-J-l j* J-l i_JjjJ Insoluble residues iJljJI oUlkll ^Uuk-ol 
. siLi-JI o Ls l.L JI ^ j-cL —3 J^Li" OjOjJjjJIj L-^Ju ^^-jLjJI 

I o U jjt j J 4 j jJJ- I *—* I ^3 —.’ 1.1 I . . — J1 <^* i ~ ■ - I 

4-t ,J. ■ .L L 1 l ~) 1 a L11 4_,.i \j 3 ^3 4 - j 11J oL_^JI ^—>3 wd —■ C t yd 1 4-> ^ j,xl 1 
- i j 4__£_iaJl Ojl_1-3 *1 I 0 U- ol j^K^JLL 4 H *..7.11 Obiji-X-ll J1 n. *.'■ — I i ^SL»j 

j— 37 1 o Lj_^ jjj 4 L— a -11 j 3 L*-L I J _cJ . 4 . L LJ I 4 _.>jJj j..>J I Ol ! _• .J I 

ijjjL L; jUJIj 4_ - 4 L . l I ,j» o.7-» j . 1 £ * ij£ (J^lj-t oLj-«^)l 

4-.-_a 11 joL-ll jl . jL-11 J-»-4>v 4_aJL*_iil oLjj— 3 _^lj jj -*—Jl ^l ..^ 
jJwxll J ^ • 4j i Li .1.1,1 4 . * ,, . h 11 Olj-jJI 4 J JJ. 

■= L jtO j*J Iil 04x^1 4 j jliJI oly J cJI jJjkj ij4>jll ^ ' .. J aJI 

• j*'^| ^ tii 

o I j L-;—--&L11 0*0 Ljlll jLS‘1 4_cLo? jjLa4 ^ 3^__J>-Sll J>l ^il ^ 






A—ayjt 6L41 _A-~, 


_ * * 
jL'il JUi-C-l . Jbj^a ^3 jUjJuil (ju>jJ j-jJjJ I ^ l-bwb Ij jL.-a.^VI 

ft 

. <u—.i..' jX Jl jLid- ajl. T _ i . t I oL-jLil jjjjis .JI - r - j i -»— rLLI 

, /ISUl J^JLiJj . ^>^1 avbUJI Jx b/b/ llaji ^jlJI jU> Jb 

i jpl-Jt dJLkj X —iCJ 3.LcL-JLIj ■ ^ ~jI . 1. ,-* r 11 i \jj ...a ^J. ^ ^ > 

ft * 

l- V^ Jfr"~ i—o^-L^Xl |»Aj L A..i*. 3 i |+ Ctj . S .A. m C dj L_^j >\jj 

ft * 

^j-a ju-LjJ< uLJ jJ-J-I ^ *Ljl alrxLjqJl S^.wt$JI oL->iyij 
jliil jl . j_j>j-! j-^rjj-^4^ i^-Jax oJuli oli LLJi jjj LiJ jl/l ,^jjLiJ.I 

oUi ^3j i i_c J _~*j ajL^I /b Ikw ■**3 * — *" * . . ^ .A 3 ,_4— ^.t v ■ LI 

J>-._ttA I I Ju> I j~*J t j I . O La /jlL I ,V3 a j- y y^ *~y*£ /-C ,_£ jCL*j 

^j^s. (jl?LII j-a JuJulII t . jjJJ!j 4 I ^^j^j * 

j» (jjLi-l (j-a <J_^LJI jJlj-Jl) O LbJ I J ^jiaLA-tj at jLt ~5 J...X .(*> A .'...,.13 

</J ailil /x 1 _ r ia_aU-l £~^J XX L^jj-Cjh-j <_/l aj_C/j jljj_sJ! ^~> 

djLc oLijj^^JI aAfe jj^j ls -^- > ' * a ill I (ildj ^^3 oUjjjl^JI 

? a * 

j ■ . SJI j .,-7 J-ij J—ajLAI ^1 I bjJlJ fyaj . *L>j jl doLa/ji jl (j-J^ 

* ft 

. (JUaJ*b-I (ju oLjjjjJlj J -s .^a. -~ 11 j5*JLp jjjjLij-l { jj> JjJutll jlj jjJ-1 t Lut 

. LS^r JJ j jL5" Lwj bUjl/•[ ^>S/I i^J.1 oljj/JI bl 

UjVI v. * • ..ii. t ^ —^3 mA L->J 1 *■ Lw v i J1 ~»m 1 

t 

Chocolate Jl oL-jj—j » jl « Tiger clay ^J! j/ » ajL-x 

ft 4 

oUi>jUI Joju j/l i-j-U . b^ij « muck J>/l » jl « sedimeut 
. v Sea shells —at I » . « Hard pan aLu> J&j-> » Jj—a 

quick ( uj j —J l J-a/l ayslia » 4 «rotten eggodor j —-LbJI u h-~l\ !_*/» 
j j^*— ■ 'd I tuL--ua <u^Jb jdj-'l j-t-u» (j^t • lx> a-uuLa jji - tu b^*cj «sand 




i‘ * J j 1 L*_3 m JlC c « J U * 4-J ^ I dj* f 0 J ^ 

*^-C-j j «* i.j-^.Tf ! J-X- . Lfr nl.t^ *V * Ux^-I £iL LCj $\ i .Lou^zJf oVLit 

fi A 

oL*-LS* JL > .*. r . 51 s.^t,.,-.^ <jl lj cru_«jJlj iiUiil 

t * * 

a^j L .m *4 o-jjl^SsJI i JJ5 JLt-4 * 4,t.rf>.lc ^^ 3 ! jl 

^uJ^S/l La-fi-j o^LaJI ^ Gi> 

. La—Ij G^U>I '-jj.7.>rj jl ( jX-C 


Well 

being drilled 


Geologic interpretation 
V.; 1 ;.';'-,', based on incorrect log 
'-'';!v:'‘ , l °* welt bem 8 drilled 
-:.',y^fr'V-yy. 


Old well for which 

_ log is available 

Loess—s.. j — 

Water tables. T~_ 


Volcanic ash- 


Wel * Old well for which 

-—_^8 dolled i, available 

Vfe/j/i^ST———Loess ~Tt---_— - 

>f?r/;‘c~jy^<;^^ Water table ~—---^-L--“--jj~——— 




cemented locally) 


Gravel aquifer 


i-^k-JI. 


cJJJJ i_iLi»l jl, 


jJLc Ji" .>-«- : ..cl jL*iai-» (23 - 2) j£*lJI 

JyJj (ja >'l ^jLc 'jjj_i-L» oU^Iaj) 

. <ciL>v<» jij^ OL>ji*a 




- . iua/SI &LU — — ■ ■- . 

« 

a:... iI ^ ^«^i)l jUJ-l i^ojb! <Ui>'^4 ^j5Lc 

oU-.i.Jlj olkOUl JLc jujxJ ^ (23 - 2) JSUUI 

* 

O^waJI oULti A*jLa«a i fl l l yjl . jLiil Jb ^3 

orkose ^^^jSjVIj 3^>j £-5^*b • Jji? 

i/u S*U -L >jj sL-JJ <lL*L> tUiJ? £3jJb cU-tfj cLw^U2—J I dJLix!I C^ 

jl (3-2 Jj-lJ-I ) Jj'il j_ j JL si \ ^Lm-I ^^J-c . S*O-Jl 

4 . 

*y?J £* J - ‘ j-*-^ ‘■^LrUt 

X-^ s *- : - ‘- l ji 'r^ u -J ‘ j-*-^ £X £j^jU OlldJI Ji“ jjL*j_j ^-jijSlI 

• < “*xl^ cJl Ju^ 

a> jS* :..,_U jljlL J?Ur>1)U djjj^Jall Cj*^. .11 ,jjjlii-l vilUc Us fjili 

*■ l- L - w^l i oLc lU-JLs ijji> if_yj> ^>li Ul)i ^ Wj 1 ji> (X* 

Lajcx jl oLjjJ-L; J?La_i > *^l ^JL^JU jjjliJI '^j-* > < lLJ l 3 o*^L> 

•. 

. (_^JLfl jlii-! ^a dUi ^ijl <_*>Ut? iwJikj 

C » 

*- Uj I l .alj-il £yi £J>LoJJ i?La_Z_>^l * JL> <ol ^Lc 

« 

j«_o L» A ‘ .C-J 1 _^Jj LiUj 1 ij Ul 5" *■ Lu I ^ j Lfcj I J-LS> I J UijJ t 7^^" ^ ^ X- 

c * 

UM . (_rtJ^.rll :j__i I L.aij l J ^jjJI <L$......uJ I (_)jJU |WV* .it f tI I JaS jl. ">l 

^ o^U-! jjitu ^j . L5x dUi o£-t ^*■■.>> j*M* ^jUajJL J>Liz>VI 

. jlii-l oL>lj ^jj *j>£ !-x* ^iwij 





- — 

gjljjl *JbC llflq (3-2) Jj-J-i 


Table 8.3 Comparison Between Types of Loge 


M 

Driller's Log, 

poor 

Feet 

Driller’s Log, good 

Feet 

Geologic Log, ^ 

brief type 

0-10 

Soil 

0-10 

Silt, brown, soft. 

0-2 

A and B horizons of modem 






soil. 


. 


- . 

2-9 

Loess, light yellowish brown, 

friable, calcareous with gas¬ 
tropod remains. 

10-50 

Quicksand 

10-22 

Sand, tan, soft, some 

9-22 

Sand, medium to fine well 


and water 


caving 


sorted, yellowish grey, fri- 






able. About quartz ond-^- 






feldspar. 



22-46 

Sand and silt with a lit- 

22-46 

Silt, sandy, poorly sorted, 




tie day, tan, soft. Some 


yellowish grey, fri aide, Small 




water below 30ft. Waer 


layers of clay less than 1 ft 




stands in well at 29 ft. 

• 

’ 

’ 

thick enconuntered every 1 to 

2 ft. Clay is yellowish brown 

and compact. Sand, silt, and 

clay lack carbonates; com¬ 
posed of quartz, feldspar, and 

biotite. 



46- 50 

Quicksand, white, wa- 

46-50 

Ash, rhyolitic, with about 10 




ter rose in well now 


p«. r cent clean medium 




stands at 25 ft. 


quart.' sand, light tan, friable. 

50-65 

Granite 

50-65 

Rock. hard, pink, looks 

50-65 

Arkose, n.’dium grained, 




like granite but drills 


light reddish b'own, compact. 

v 



easier than granite. 


J 








<uia pt &L4i 


: Geophysical Logs ^UJI : 8 - 2 

^ j/i\ (_yi Z**Ja-*J! C-j£ Z^LyJ^jU |jajv» Oj^ifci 

jLl jj-> i_g* xii JJ >v» I4 ■■ <0 L X>-* ^«aii ^ 1 <o r » L«^ il t~ol^ 

j| 4 4 JJ 2 -II Cr* J La a : -n I . LJsjI aLi! 

« 

^j*4 ^^A T, ■ m.j ^ 1 «i>» 7 I 4 * mj \J 1 . ^'■ • ~t-1 i i j h " ■ i«i. « ) I 

Z_ajUi!j . Spontaneous potential ^£JI L-a oL-LJJi 

(jjjLJ jjlzjd I sjujl^ ol y-~> x juj . electrical resistivity 4__JL 

* A * 

Ly_j1 J^iL^ uy; O' 0 jL ’ -aj^JaJI jlila JljJ aJU * j-JtS" 

. iJjli « 'iLaJtZ-.l 
* 

: Spontaneous potential Logs ±fal\ jjjlfc 

4-;——JU ij J-ajI ^yi-UI 

4 —l .wa. *Sj 4w.L> 4 lz*n \jj Sf jl ^Lj I JL 4 J.I otjc*! |*~i . 4_olll jLVI 
J5wJI) 1*4 JLalwaJlj sjliJI aalllj ^JmJI ^ J5” Ja 4 __i Lo-Ux tj 

. 3 $ Liz) I 4 j It I Jt)L> d)y*xj I j*uJ Ij 4 .I 2 .V l^j 1 Ly j (24-2 

j*j UI . ^—’ (a) I 4,^ ^ 1 Cl4 i A*— ,T .I >_ 7 _) 4.. ^I uZ4 LZj^5''*aJ 1 ^ • A ^4 

fc A 

jjjLwa^-Sj^rgSyJI a 1 jlj wyllie ^yLij CA>LJI jJL) . < ^A, ■>< > -. I 

( _ J JLd 4^>jU-a ei-Lc ,^jJI •*4 ->jXjLI! jl^ll jj^Ldl 

'. 4»*j^li •.- 1 ■ w 4.1 C ^ . W j»J 1 1 4 L, 1 I ) 1 * 1*4 |^J*4 j 

Activity of interstitial water (^Lil *UI *JU») 

E = K log ----- 

10 Activity of the mud filtrate (,yjdl jwijLl iJUi) 




jjU/l J*uJI - 




. S j\ J-l J* XaJLuj CoU = K * jJydl ~ E <2.~> 

******l *• j ~-*~' K ^ ^ ' I a,■ i« > 1 i i«i ft »J ^ JI ^jLJLjUaJI j^j^J (Jqj 

: iJjUil r lj^l jlS^L *Ai JJUJJ iJLySUI ZJU/tfl 


E = K log JilL 
Rw 


I ^11 Lojlla = Rinf 
jLojJI yj^jJ I aj ^JJI * 111 i»jLiLo = Rw 

JaJ JLu v^* ^jk<J ^jjljJI yAj i+JJ 

. JJ-I cnia-i j-lt y?jV! £^a— 8y»—<s> » jA> J J-Sfl JxUI y^a.£.j 

JLaLaJI y> <i_52ft~JI oliJiil JlLa J~o L_jL—a II j! JajZju 

* 

y-tf> yjL-il oli JsUJI JS ujj Ja> y-j jLe . oUaJ! jl SliJI jJz. 

l aJ" i*Lj . « Shale line Ja> » _/ hji-l IJl& .-j (—« o(—cj 

Ja> jL»~> Jl I_*iiJI oLilI jl C~*~>u yjliiJI y-> t 

Jl..^aJLaJt Ja> Jl ooljJI oLi)y»wVlj *JL>« ^.. ;.n.7 Jl— aLoJI 

jLi ^_Jl ^iai ^jJL jya 20 J| 8 yj Jii siUJI oLiJaJI CuLS* Ijl 

Ojyi’Jdl ij-j-Sfl 4jil_*i.l <J jjl J5Jl J-0 -jU y 4 ‘y*-^ ya-*J J 5 ' 

* * 
ay(jy5\JJ J.JJI jLy^iJI jl 4.J...ip- ( JI yJL)l i^j^U ’ a"^Lc! 

yjl JjU (IaI? J*^>> lljj» t—iy* aihiill yJj otftJI 0 U-J 2 JI cftj 

4*a jUlo Jl J-ay . (24 - 2 JJS-iJ!) 0^3-1 W <*A;JaJI J>^>j 

. R m _JI J 0 J 3 JI_j R s i-»jlL> 1 R sh j JluiLaJI 

: jli I jUI jLJIj V ^ylill Xi±\j E Jyil J5UI J^J-I jli'lij 

V = I R m 

E = 1 ( R m + R sh + R s) 
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. <U«a ytl ■ 

ijrrtf R m jj£i LoXX E LijAj V jl 4ia>^L» *iUjaj 
f J 3 * bj$* ~*J~$ R m b£* * R s h J R s 1 c>j*jh_£ iJjLL» (i> 

R s J R sh . Ci-> 4 _JLc crjisJI *-ajLi« <jj£j L*XX j! I (j~ i> -JT 

. (tiU—Jl <JlJj) ij^w» oUJJI cJtf til t -‘ LJLt 



,y £?Ui ^'!JJI jl^Ij jUJI oU^- 4*1. ^-IJJ! ^U^jj J^\ (24- 2) JSLUI 

^-A* ^ **'-*-• j £> by**, y 1 ** y. 

-HA ^>-^4' liJ 1 —d u! • >>i» ,>• 

. jLaLail « Lii. J^c. J^jWj J-*U)I JJUI 





----- - 

JbJU^j »iLL)l OUJaJI JuJ lxjJ A^J-I ^.a * .7 .i. ) 

. aLII i-_c y ii jjl JJjSj ftJLia oLiJzJJ JjL-Sfl jJa-J Ij >‘-*1 

^-4 ^ JaJ-i * j-mJj . oSUJl oLiJaji j jj>j ^jljJI J^J-i jdjJ JUJJu 

^i>t n»l 1 L 4 j-rt-fcj . Zj 3 LjLJJ db.fllij.4 ft I 

J-5—.Vlj jjl\ jA-JI JUJui yi J-ijVl ^-IjJI 

j^C . <L. A-ajLiiil _u i, ~«ly»- a.7 .AI jJ LlT o l a . 1?U 

< J 4 J.I L ^s. j>tj iiju iiJaJI jtk-/ Jic ^jJlj cr l*LU <ji '-j* 

. iajUll Jj»w ^oS 5^13 iL3jm> (JlLUi jujl* jy> ^ 
* **J 3 Li 1 <J l Oi> ? 11 1 Lj ^ 1 Jj>um 0 Li I 4 m*£» y ^jXx- 1 — J ^ ^ i 1 ( 

E = K log J^L 


^j5L dUJbj R w i_»_J *LjU—*L ZJaUJI^ia ^ (>rr iJt £»-*-> j L*jI j^i-j 
Ajli j iJL R w j_*£j, t* R w i*r;J iLv:^ 

AjL^kJi S-L j. JuKj 1 L»J.'| C-J . ) Li t i^S-yJ Ay*jjib i .« .. i Jj-axJ-1 

t^JI »L~a) L^lil JJUIlj U.UI =LJLI L-Ija L^U ^1 

. LLfc 9Lit Ijl Jaii iLjCy OL^bca ( _ y JLc. J_y^aJ-l 

ft * 

( s^cl iJiLftll ^ Luij «JLJ 0 j j vW-'l <iJL& 

0- J LJ L fxf> j| j-^>l j^ic UjLil jl Lp> 

^ ^aL»i jl>Ij j_^-Jj jaU-l x>lj jj-jjl^J: 

^« ■« j*}f Ijiaj j ■ ^* Ua> lj* j*w.l.T> V «t-..t.., ; .Jl!I 0 LLI ye -L/JjJt 

yS yJI olj sLil' j-a JjJaJ! (ji ,j£J . Jj jj£j ^yiy^f ^ oU_^S/l 

ySjJ I ^ %50 ^ Jii jilSLJI iaUVl JSLiJ ^^kdt ^ 
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- (Ud/JI 6l4f 5-^ ----— 

j+}r\ jl ,>1^1 y *U» ^sJI ^>Sfi v U,Sll . ^lSJI 

-M-4-* oj l - r y > (_f* 1 y> (_y L^4$JI 

* 

. o^l (J* ky 0* ^ j electrokinetic 

i-ajLLo CJL5" 151 » UL- jj5L— 

* * 
J^i.1 Jl (JUx-— JnfAl O 1 -* LT* * isjU'* y cfLc* 

* « 4 

CL-J 11 ^j^w—4-l I >JJ L« 1 

OLLJ? ^jix. |yJI jl iipwaJI oli-iaJI H ^! • jifrH ^ksj ii-iajl 

^. ■ -i' • II "!l ci_o'LdI * Uai-VI jLi l^,_>.a ii>ljLX_a ijUaJI <La_a_> 

£jLLi.l y L«-4-» ^JJIj lk*JU £<1^-11 jJL^ll . alJUs iJukil 

bp" k J R^ (J I 4 3 , i« M fl > lj AjJutJI & 1. ^JJ d_bld-l 

ZJLL. ZJiLw y L LS E ^1 Ljyi ^jL*j ^ V jli JJJuj R s j R sh 

«U>_Js i >L-*> jbb Aj’li sLJU A^X-jj JUJl^ [^,^Jl djdbdI p_cj . ^j>l 

. }LJj aJ-U. 1 sLd! . k«l .8.11 %100 t j-W» »LJI Z-ajlii 

Jb Jj^J-1 ^Sb bUlT . UUI *UJJ %20 - 10 iij Jb ^ 

4 

4 .7_fl boJLfc ^-_>waj J*)L> -jA 5_al_C hjj^iJ I Zii 

. s j. t..^H j-;_i>j*!a!l 4 LI I 1j^-l ILjiiJI 

jjs ^yljjl ^L^JI t^jt-l iijlij »LJL( <—i(...».> ^JjVI s^kil 

(51 . Shale line JLaJLail Ja> ^s. olj-gbi LS Xfi-1 ^LJ 

iSLdJ ol. fl J? i-jjLS* 4_>jjy *£L_»_^ a^ijlll cJLS” 

oLib^ijV! ca^ Sand line j*—<j ^"Li ^ 

« 

u>J (jjjJi k>\ ^Js. J. :. ; ■. > Ju$-jU 1 j-5jj « JLtfiLaJI -L> 

« OJ^i ” 2) JSLlII . JbaJLaJl 

: iJjL*II jJaJ Zjj-jL! La'iL«Jlj 
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dUJJ • Jo>j)l ji (jl> ZL*w» £jA JuJuJI j! 

i_~»u ( dU^J t J l . Jj) ^L»w3> Co 15" IjJj ioilyi>| eijj*<3J ^jLCJ-l J-jL*j 

"4-^1 i iL>y| ^jjJ A a . > ^ , JL* t i ii 1 i Jo»Lc 

• JM* iJ 4^1 

pix*-* { jA^Ji}\ i-LjaJI JCc jjl jJ ~I <L>j 3 aL»w| i-JLiJI 

Z>jJ j-~^ cr^ «jljJ-l ol>ji j jijLcJi 

IfrJ! LjLCjoa 4 J f? *. I) ^3 « IIj^JI Sjl j9“ Z^jjJ ^j- ■ -H Jjull j! . yiJI j*S 

♦ 

O-^* j»4i 60 ^a-£* ^Jp£ ®J ^ ^ ^ (jy ^ J~‘‘ ^ O O J ^ 

l ^ .. JL& o L<3 ^JLjc>3 ^pj |»jx> ZJ L> ^3 . (26 - 2 f) \j&S^ ^ *** 

J4 ! d J*3 <J> ol >ji 

. 1 >j ^ ^ I ^aaJ i JCCi ftj I ^ 0 

9jt^jA-! Z^-ji Jl.o X *..mIj K J ( J~iajVI A -a-wj J I J L — T - > 1 ^jSt -LiJLill jj. fi> A - I 

<jjLj JjU- » o» ^Uoj oli A 8 la..4 (_f^J jiJI (jlS" Ijl . Z>jO* r^ «aII 

jjt j-> Z^jj ^-p->.—,^J ^Jl <u>LJ-l (jj-Sf (" mv) 4_A_._aJl J L «. * ■. —* 1 ij^-£ 
<■ LaJJj . ^J- Ja31 jL> T^VI OxJjjJ I * L ajj ( - 65 IIIV) <t ft *£ 11 
.(4 - 2) Jj-J-I i«-V (- 80mv) ^1 Z^-ill jI:j; 150 F ^1>»■ lj\j> Z>ji jcc 

oULo j-a mud filter { _ tf c-JaJI ^JLI i_ajLL» 9*1^3^ ZjuIjJI s^iajl-l 
jll j-jJi jdaJI 3»ajLLa jii ^,1-JaJI a_ajLL» pJ ‘ 

0.8 <y Jo^-JI oLLj ^ LJl: unfiltered mud 

ZJ A A^ *j j£U ^Js. j . t >. i J 






---— — 

"J iJ jL*i I R^f > R , E y» jy ■ S ijkuj-xJ A .i.. a l_j-| jjiaii.I 
(J-?*■* <u t 4 N ji l ^SLj . ^ J La-JLl! 

sj L- 7 . J . L (■ Q ! 4_oj Li—a a . (27 - 2) J5LHI JU-^^L (Nad i* <cx 

(27 - 2) J5Li)l Jl «.* j . . a ! ^«a dJJJ . ^^xJUl jL-ijll »ji>> ^ 

'ijL> XX La J Lit L! x*xa Ja. \ Ju (PPm) Nad ySy Z^-i jli 
. (28-2) j£-i)! ^ uuil JUU li*. . 

Rltiittvity 

Spontaneous Ohm-nn ©{#«•» 



• C^ 111 ^ Cr~* jXJ 1 > (25 - 2) J£-lJI 

Cr* '-''■M’ < ^ J 5UJt ja jjfl Ja^JI J?_ r L»- .ui jl wy i 4_JUil i-^UI 


. JLiii Ua^iJLJI J-dl^rJ.1 







4Lu0/it »UI 


Actual Actual 



olj-jb geothermic log j J l J _* r -_*JI ^ JU— (26 - 2) JSLllI 

Jj-^,11 jU-ti Ait J-U (jit ijjljJt! oUU.^I 

J Lw A...il L L i C iLial! dUJJ . 3jlA>ji ill rti* A—*1^ i*'j j^Lt 

Cjb-jjil Jaa>j y_JI ^ »j!^> ot>jj Ju,.:ju JfijZ-i-* 

. i ti --II A^jl I 

K c-UI 4 - 2 JjjJ-l 


*_)Lr—*—■ 


• _ 

i» *±r+ 

EBBS 

Millivolts 

0 

32 

-65 

10 

50 

-67 

i~ «sr 

68 

-69 


86 

-72 

40 

104 

-74 

50 

122 

-77 

60 

140 

-79 

70 

158 

-81 

o 

oo 

J 

176 

-83 J 


GD 











Mi Cl concentration ppm 




100,0001 


. \ Saturated \ 

■ \W\u\ 

\ \»'W 


Numerical exempt*: 

K Rmf n 0.16 ohm-mater at 140*f, 
then the tame solution would hive a 
resistivity of 0.33 ohm-meter at 80*f 


/(rC,32f 
/10*C. serf 

>20*0.68*F 

> 30 *c; 86 f 

>S0*C. 122*F 
>70*C. 158*F 
>100*0, 2I2*F 


0.05 0.1 0.5 1.0 5 10 

Resistivity ol solution ohm-meters 


50 100 


Nacl ±£j, 3 ijl>l l>ji uo inUl (27 - 2) JSLJI 


- 89 -} 





,-l £2*11 

Spontaneous 

Resistivity 

ohm-meters 

potential 

1 100 


oLl—J-l uj-j • a., 1 jj olLi j^J * j* (28 - 2) 

^ “>Lji U-UI_J U-UI jl_il iJiJD! A-J—aJ 1 j!jl! JjJL -w-« iL*J 





From Log: 


: JLLa 


R =1.36 ohm - metersat 71 V 
m 

Spontaneous potential = - 72 mv 
Estimated: 

Temperature at 5000 ft = 120f 

R f = 0.8,R = i.09 ohm - metersat 7I f 
mt m 

from table 2 - 4 : 
k = - 77 mv 

: Resistivity Logs jjjISj 

. . 1 | { Lij ^ t Jf l Ll J L*J L" U t i <4 '> * j J 

j L — »-a «j ill Ji-li Lc_j-3j-o SjjUisI (4 „t ., ; i al l) ^j}\ JJLjj 

tjlkiS/l 0y. oLiL-J.1 y> iJi-t J rt «,„i . « Sonde oLt-LL/^l 

0y> lg-^> I LajUil «uii^Lll oiw" j^JIj 

c/>L ya iJdy uo LsjLaif C/lL*—* ^)oju> J^kALuJ . (29 - 2) J5LdJI 

t - it 

. jLjJI JjJjuJ JjL-Cl JdUij i-a-Jzi OLj Jj £-Jjl jl 

dj dj I i Ijj ^ I ^ LzJ 1 j i^"* 1 ^ **' 14 ^ ^ d JLw« * Jl I I «Uj LJLo I 

A * 

d^a l >.Mi A i It! I i kZJ La l 11 ^3 5j>jL I LJ1 d«>jJU t I . d_*Jj I I 

oli . JJL—Jlj jjXs :aJI lj\t ^JUJlj . jjj>wiJI 

.d_*LJI Lp! jjjJJ ^jl^JI 1j oLd^ixll ^3 

t 

: ^ WJI -l^ii y 2 JU uy; Oli2Ld! yt j^u O^-'Ldlj 






iLXI 


( 1 ) 

Ro 

F = R7 

( 2 ) 

F- -£- 

0 m 


(Formation factor) = F LuoJI 

I * La LLajULa = R w 
(bulk resistivity) LLajUli = R 0 

<L~aU*J.I = 0 


—lJIj joLitll <ot-~ . 1? Cw 1 l^j - in jc 

. oULJ.1 oLcIjiJ 

C p-J jUijosj . < L r x~ : iaJi oLjj5LJI jjixl 200 <_yJI 3 ja F 1*0 £jl jXJ 
IJ ta.-i1 _ r o oLj- J\ ^yi 0.3 (jro £jlm |*J o! - 1.0 ja i~yJ_j3 

. AA-r~i I jjjuaJi ^ 2.2 

* 

(j^ajL^zi! sL*ulj jjjx~oJ\ ^J^jl ( _ J i£ t-ijjcdJ LLajtLL! ( J-*.«-t...j 

s2Lc-! (2) UiL*_U US' . L^jLaLo- ^ JLL2U ‘LLL_*-£JI 

i_JLc dwO L jw»^ I ^ AjI ^ <L^> ^ I JLJI 

oli ^Jlll ‘ILL <t.a-.2.11 LJUJI iU^aL*Jl) oli jI_^U * (j-SoJLj .f.A> 

oLjojLill ^Lc aII jiUll Ji-a-jj . oLsjLiLa 

*jJUlt J-i ^ jLJI Jo- LL*— ,>« f^iS’ Juy ^Ij j.uil ^ylx iaocdl 
Gl> a,/? g-?w> oLajLLo jjjLLd! ^Pu l a ^j ■ 4J iLaU-loLUJl 

. crJaJlJLaLaJI oLLixl 

JlSLii oajlill ju^ij ^yi -L>jJ » ^ cykr4^^ -4-^ jO ^ 

« 

. jLoli oLcUaiJI jl oU.kU aj^o-O CjL-J 





- — 

J *ULI l^y jU/V jtuil Jaj* <> M (1) iJiUii JU^I ^ 

* 

F J a-^j^Ju Ao-.i ^yLc - A-Jy » jJI aj^a will jl 4-l«ajJI pU.kJI 

A-AjULa t—>t i,iii> »j . '—I p y*u2yo T~j 11 XJ_ y a ..*[.■. a ^julj 

Jm>.*-i~j t siLuJI . i-4jUll oLp^-ia ^ R s <*--.j.JL-J-l 

Al Ui I J)k> ya «-~ a J L*-ii I a5s- a-J I O UJaJ I a j u * I I j a .,,.L* a_J^ 

I«JLj . a.. J? ■ a.i-1 < u oi)l ^ LjjLLJlJ La—> »^*11111 

^i'S/l J^fj*ll j-- . Aa!h>iJU J-aljJli) £L~^waJ O^LaL*_o J*>U- ^ OvtajUU 

« * 
yaS- < (jUaJ! aajLLa ( L$' o iiLJLIj 1 iwWjj < ji-J! ^^iaj ^yA A-».aAi 

Ji_cljJ Cwa-J (30 - 2) JiLiJ! . aa JaJI dL_-;j 1 ^^ulaJI JjJtiJ 

JL_d ^ k *1 4—3 15” AJJ £» 4-ajl.AaU A_J L ., g i - 1 A.o.g 11 <w>J_yujL ^<k-J A a 1 r 1 a 

. JL^jVl »Lil 

ft * 

4»_ji La ^yA R vv j'y jfXzj jl J-a 1 R w (>tJi AajLLs uL?' ^yi 

(ppm ‘^LS^il j-S'jZ Jl jli dUjJ - l$J J-aU-I gy£J -1 »J_/> a>,j jut »Lil 
Jic (jjJI ( _ r i*_itl a-JLc Jj-aaJ-l pjj (27 - 2) JSLiJI yA Nacl) 

-1 1 L» jjjiij (J^L?- jjao Z^ajLiLI oLJl>-c. j^IaJ 

< 

^ v^Uail ^ Z-ju-Jt »jjb ^yj « induction log d-i-l J-^i—» 

I i_j_j Liia j L-J aj UaJ I utU i JUj t j}l£~ f oU? j** L>» 

^y3 4.«.,^'L>ua OljLy jL-^ .>1 ^y^a- J pLjta JL^i-a dJJjj ^l la . ZJuila 

L$j*VL><_a jL^jI oljLjiJI »JLa J a . nj j . jj_JL IL.?dl a LkiU 

(receiver) ^L ». " '•'■• ,- , ._ a a 1?« u l^j l^ j ■ ■ S l ^n [ g il ij L^_* a^^LjI- 1 a...1? i ♦ 11 

j\ \ A_d I jL^i-l ^3—5 (j- 0 A1'.' .,..11 ajLdi^n 8j_3 u-^L-O J . jl 1 ^y3 


[- 93 -) 




^ l-AA ciii ^1 . I A A . M I L.«aJhX s_«**iLuJ L^JI 

JjJ oLlJxILj Jib Ojj»jil jjU-l (jrJ? jj-aju }Lli 'V! Jb 

j-r 2 *-'. • bjjUIl iJL> ^ Ur Jii y> ^LJI liA, jl g II c^ij 

• iJLaJI i_ojUil oli yti-l ytj? jjl £a 1>L^ jjS\ bJ-l 




AM<AB 


AM distance given 
on electric log 



Electrode arrangement Electrode arrangement 

for normal resistivity log lor lateral resistivity log 


, i-jUll J*- ii> ^ i-JaiJI c^LSbJI Cru. (29 - 2) J£il! 













Rule* for uiins literal (AO - 18' B*) 



— 6 . L.jUll u!)U- Rj a—1..LJ-1 iijlL* Jxlji (30 - 2) ^^-*11 

Rs i-ojLill — RfYiin ■ I *—*jLiil = Rpiax 1 * ° Lh al«—" 

shale jLiLJl 4_*S j LL>3 

: Acoustic Logs 

• ^ ^ ^ eT 3 Cjj^al I I d t Ja i.~ 

^ ^ ^ r A -— ^ 1 i m i 1 1 ^yi-C " 1 — f ^ ^ ( t l d- 1 ~y. - i'tJ 1 ^.0 d'J J ^^ • 

O L d fl-31 I j . d.,-aL»«.l 1 I j P JJ ■ A»dJ .-->11 Jj^jjJI ■ ~-l a « " ..I 

“C-^lj-*ll < d La ^ I jjj>waJ Ij i aJ J- Z - i i 1 A-^aLotl I 0*^L> ^3 )j-^a U-1 d-J j) I 
(_y^ c ^ -*-®J * jjj>waJlj . td_> 

. ) J.1, i-1 H I ( ^3 djljLi*£j^! d-.—'V-J A-d I 






—— 4aUd}?f &L4I 


: Aadioactivity Logs laluull (Javuu ^jJL a 

« « 

^ A -rr L * ■£■ i^r 5 1 *—0 /I ^^yXL-*—iVI i?l-.,t.Jl ^ja.au 

■ lM -0 jX?L-*JJ 8^.8 ...»d1 jJL 4_> «-. Ja J t jjiia Jt JlI^vXj . Li I 

^ . 0 L A. T .*. I I Lx , ^ I ^ y *> ■ * 5 *Sf \y 1 ^yt 5 ijJ I i ■ y . ,) I 

« t » « 

w | * (3) ( y) Lsli" A_*_Ju i J (cx) Lfljf AJUa^I JJ^JI A* JsAX 

S * 

J~ Cr^ > aJj-£-*w oL&jJ L X_ 'J ^ £-£■ ' j~ * ^ I AjlXiI 

a—U ll 4 _*_jAM oil! ^yj (4^ i«L$” Awjuil JJlL" 7 t ,_,-SL*JI ^yLtj . soLLI 

. (_yi 

« 

j j <■ "— . 1 1 j-^x jj UiJ I jjj> j ^yl I j j.... *> ju a.»■ : j? 11 L« Lf L*-i I ^jju 

^w. Lxj j miV L . « J 1 itd-L 7^j\yJ ^U y ^ y a * **l \mj y*} ^y ^yjyy^^\y ty - . 1 ^ J y ■ U 

LaL5” a jL. i ’V i_xXiL5" ^ylx ^ j- ' —*~ t '-5"! A.tLIi a L.. |^> ^x x— ~'i 1 Ja L-*,..,! 1 

^yll LalS" Lx-.il J~xj '-oJux . (2 ...h j>j Lll ^x ajLx „-LuUl LL&) 
^0 JjX.. -j C^o- xi-w^JI ^yJ Oj>^ 11 Sj,jJLJi ^yi 8 j rr*- ^ Lxj_ia <4_jaxj jJwsj 

^yjj_Ja i^iiSLi 4t~; i Jj e j...x! I xis_y . Lj 15* Lj*-i I J^>_« ^yLc. ■a.,..r'a /»jJ I »Life LaJj 
jl^JI x^LUi . jdiJI j_x J^r—^ ^LjUj >jjJj J-. y_ ^Dlj 

t > ^ ^ 

A ^ . —L I wJ L^<— o i . ^w j 1 ^^3 ^ ^ c -C’ L^* 1 J? l A M Jl ^-4 ^JiPt <>a^L 1 

^ « 

( ^ ^ 3 i ^ ^ f jmfo L ^ ■— C I ) i I ^ ■» i ’ i^C fl— > 11 jn ^X 1 l ii Hi i J l 

< c 

.J^l 8^U ^1 ^ ^yi 344.1 (^4 LIS' ibj; ! A33 ^3^ 

* 

4 . OljuJsJI Ou^jy ix-!jjJ A^ <■ . JjI 1 ULS" Ajutl J 

^Jx ^^ JL.ir? a) (_*k. rJI <i,lJn*il jL 5AJ > o-L-—fl—^ 

n < 

A-auL'i <uJL«J ^jLcI t ^j..^i.«JI JL^aJLaJ! oLLi? (iiii£ Lalx 5 jj~08j . 

* /» 8 ^ 

j-* J^" • '-^ 5U J u> <LJlx oULxi LJujjl c/ 3 ^ . Lili’ 

cULi-C ^L^aJLaJI j^yLijJI « c _yJv .ra.L^aJI j-w-i-l i JLXxJI 




- — 

t * 

CoCoLoi ^jLaCol . jJxzju* oUCo 

. p^jdlj jdll dUJ Sj • <cb\j oUl*i olj 


— *■ * * 

. ^L*V1 j &> *- LI wt.)I ^jJ-c dL a»I Hi* d>L#Ls ^j><>.*.~,. m<j 

L^j-X/ ^jdlj ^ - t JI ijLL ^3 ^j-clji ..i^M JyLj.fi> It ol 

Aj L » djlixJI >■■«■ o rtl I I 131 • 1 I *j****Xj 






d\jJ\doos)\ 



AajjjjLlij AijalUl AjjUI! jji-uall 1 - 3 

Ajilaillj a^*L*laII 1-1-3 

<3**^ Ajjlioll jJu 2-1-3 

jUV\ 4-i*Uj) 3-1-3 

Jjjl\ £±ja qjju 4-1-3 

dlwJi 5-1-3 



AjjUjli 1-2-3 

jbVI £\ja Jjiau 2-2-3 

•LdUjftjj 3-2-3 


2-3 


4§>G 






Jt <Uapi 6UI 
Ij <ujUII 




: AajjjjUlj AjjliM jja-ual! : 1,3 

Metamorphic and plutonic Igneous Rocks 

1 L ^Jjy*£? ^j£> OJ-Lj I J Jl ftj<Q \ L) 1 J 11 7 ■ ■ 1 

<t-».X,;.;.kJl JjU.; <»Jw3U-l ol^y!) 

cJlJIj Shist C—— i)i (j-aj iCJL^-SUl J^aljjiJ! ji iajwaJi j 6jlji-1 

t 

l.« .1.^7 1 i ^^-3 jijjLJ! ^ iI to) . Slate 

*■ $ tip 

v—iiJLz_iw3 j*Loi 13 lm3j COjJI jLS*^ L£ojjj 0^ 

4 . 

. iJUj~ 1^1 (jilxll 


• • • 


l 4jjlaUij Aj^LuiAll : 1-1-3 

^ I O L~a La-a Ay y jJlJ Ij ijI Xjj LJ l j jJX_-ia! ( fjJ> A.{.^\ | «.J?a 11 

c 

S j -‘-A- ^ A*A bt Sj j*..rt.i b ^ ^bJjsJ i d> U Lt J , % 1 'yA I %? 3 ^JA 

*1A$ oLSLii eUJJ ^a ZJua. 1 

« * 
oLoLiJI LdJJ . a_JL_*J! JJLJI j( jl>- 

d^ L^_w LwJ I ■ 1 ^? 1 1 J ^ pi ii ^ J 0 ^ U * m.'^ ul ( lw» bi**l \ J 

^ ^ 1 a *«u i jpw^J ^ ■ <^ 1 11 ^ ^ Lqn«J I ^ LdJ I 

Ji>^) (0.01 millidarcys) ^ Jii iLi ciaxl ^L5oi^VI jUJ^ 

* * 
jj-z*— i^J! L ^*jj .. t - ^ -l oLiJyO OJ-Sj • ( 1-3 Jj>A-il 





-" <uiapl ftCl! j fe) ■ - . ■ — . . .i - - . - — - — — . - - 

* ( A 

LijiJi jL£\ S^> twill jijtic LSU; jjJ I CJl^ 

. * * 
lAj^ Jjl*^ 0 I 4 J 2 JJ aj^I jll ijiLiJI jl C>lo3_p<jJl Cs^w^jl Li” . Sj-ddSlill 

• 

. Zj jUJI Jju**» CjI y> j I 

JxiS ILJih ftibj ftjJLJI ^jA-oKj Ljj>wall oljL-Sj’iM 

^JLuyi t _ >r — jSjI oljjjij- ^ oQxvMil cw> . jjjwaiJ -LwoLJI 

Ol ^ ( 7U2~J I Jj-J »j^lkJI) ^tJj., 1.11 j_^jr wJI yij 

** oljL-SJVI ^ , LCiiD ^1 ^1 j\ S-JJ , o»>JI 

ilSC jL_>S/l twdil . jjJt^oU Lf iSjl A_Lj_ C ? Aw -J "Vl JSwO 

* * t 

l^J I j I 2 Jjjj (3ijjlC Jw>^j “^J l*-' I i A aI*.£ (j_^JLuJ I y 

. ftjJC J>jJ 

_ r -_c _pjJ>waJI OljLw.Ssjt A_^U! Zj jliJI j! j^yJI jlj*VI Aw.jj.ljjI J.- C J 

jru C.j- 0 -fc £jl^Jj y wJI <j^o ^IjLsVl ^a olios ftJLfc ^O-Cf Zjj-><-dJ Csvdf 
(_ji yLoaJI vwA^i. l» AjjUJl . (darcys) yr-jb / 0.0 ^1 0.001 

. fj . O ^ j I JJ—* --^d I 1 jJ I Ca ULa ft ^11 ft jL. d'l J I JJ-— * 1 1 

j_ptjJI ZjjLii jli ftLwJLJ iiaU-f o!jLw5w*i/l ^:L>-S/I ftLtf'S! «L>iwjjj 
. ( Ca La l^ ^ 1 tj\j Aj_j l ...wft ^."-C ^ l.AJa jr^r^ j* l^ 1 1 .. J 





iJUJi 


AjdUi (1-3) JjJuLl 


Table 9.1 Permeability of Metasediments from Marquette Mining 
District, Michigan (Stuart, Brown, and Rhodehamel 44) 

Rock Type 

Number 

of 

Samples 

Permeability of Unffactured Samples, 
miilidarcys 

Mean 

Median 

Highest 


Iron Formation 






and iron ore 

36 

1.65 

0.006 

38.0 

0.000 H 

Graywacke 

5 


0,003 

0.15 

0.00027 

Slate 

9 


0.0013 

0.045 

0.0005 

Chert 

I 

I 1 

0.00019 



State with 


1 




quartz seams 

1 


181.0 



Mica schist 

I 


0.0021 


- . . 

Quartzite 

1 

I 1 

0.0019 



Conglomerate 

1 

wBM 

0.028 


. . . 


« * a 

ol. ? ;J? Jl ^ j»jLS 300 ^ ( _ S J| LJwi^ j! 

e 

^jl.a-C.1 kli^-VCa (JiLj^cV! (j-aJ . aJUuLII Ajolj j]?Lil Zj^jy>„-aJI 

c 

Jj3wt)l ^ jLajdI jaUll J-aJO A-oCC 3 j_j^2j 50 ^1 5 jj-a £"jtA jj^£ 

C 

^LS' l ^-r<—O 1 w wwj I .XLC I 

*JI ^ A^^L-wil j . ( 1-3 J^-jJI Ji>V) . %35 ^r° 

. fjL> ia-^uj ^y)| CJ?jjC Jki l^J Aj j5\il jiLail jj5vJ < _yJl 0 I 4 J 2 JI ^1 

,jiljcil Aj^I.ra) I OUijJI 8j-^VI |»ljtiVi A,» ~-y ^jjj 

(J^IaII J r - ' *-■■■ a 2«X£ * UxcV Ljjl^ aT . 11 |j£ (jl VI t > L Jb ol ■ ^T^a 

♦ 

- X10 - 2 I j^J Am y 2 L> ^lX- jj*} I W Js^»jrJ i 















' ■ OU^I j£d - . . - 11. ■ ■ - ■ i- . .- - i,i i_ ■ I, 

Uaj LjJj> 4. U , ^ T _ l I jj n .i-|J I ^rtJx 0 11 *J J UJI -L >jj i L«i j n. c 

^ jlVl oU*U! ^ . >1^1 j^J.1 oli oLukli 

Cy* _rr^ tj* iijjwdJ *-^-*11 ^ ^L fl —Jt »jJ-l LiLaJ ji ^1 sLil 

. ij_pcdl ^_fc j^pwaJI is jlaJ 

( _^Lt ZjjUI ^ J-JLi jJLcj iJ^njdl jjJt-dl jujuJI 

(J^-S L i. ■».») jLj^J JJLvJ jjUil dJ J* ^Ja jJCj i—jU JJj\S jiL*Jl 

jjJ-i--sJI ^ JJU^JL iJ_^SLdl SJJlfi! oj*i-j • *S ^*_xil aLil 

i» l .■. — L I ! jU . a_J Lt,i j I ij-^-£ ^ *.» , * •'ir’ ji I ij j ULJ Ij 

jLjJJIj JX?cJI dUj . /5 - 2 Lj jj^waJt ^jjs 

j_fr-ywjJlj J?J-L Ol_^L.ijCjVI j ^JZ~j> 

jj-Jx—a ^-LuJI Jklc si01..-h-i, ->-LI LCj (JfckUJLI ^^xaj 

<L_>w_J cJ^£j Jwi (granodiorite) CjIj_*o jJl^1 j cJjJjIjiJl 

. 1^ ..L.n ^jiLw j-iLil 

• • • 





wJttJf JtaiJI 



f {y jriti oLuyj ^'Lj ( 1 * 3) JSLiJI 

■ *i>>vJI i>* 

■ - a 

. jL.SU^-dUlilj (olii^ sj^jll) jj>l» JSJI.UI - b 







l AjjUull jo*j : 2-1-3 

—‘ bb y jJ-JIj i)2jjLJ1 ijaUj JjLaca 

3-« L1*JI oliJaJI jj^J dl^b ^ (j^aSluJf IJl 9> ^'b (2-3 j£jJI) 

5 jrr M^ iiL^ Jai^ JjJjL^JI ^1 4-^Jz—Jl olljia-ij'VI J—-4j « <Lg_> 

Ol jA Jlj ^jJL-taJI (_^JU7 Lai' . L^jwJ! OliuiaJI 

oL>viaJI . Lp_ji olaJaJI Jjj i<w.w 3 < * J bf £• 3"^-*-''^ ^1 
« * 

_j.>u * 111 jb{_j-> jj . 3^ " *-^^ ^ .■. a .* 3 "^"£ j ^ 1-■ *> <° 

Ul^>lj oLlc I oljiiJIj 3 ILVI 0 i'r ?«j 
• jb^ ftt-il J—y > cJ b 4^LoX’^l C-^ 03uotII (jlj tAjJ; 

oLi'i^J'Vl i jjJ *—<all >oiLii t..« —....T «>—ww,Ja.>^JI oLtJo JL~ 

J/UI Jji oLUdl Jut JiiJ! l Ja pu < I JajL-^» 4 

oLJUi ^Jl <LiLj?l d-jLyJ! ,J-*i-*j i <l*jL.o.^JI ij^>t_31 ■ aj^jcJIj 

*■ jJ-l JaJLs jj^-~dl Jul—aj I Ot5*}ljj*}ll i 4*jUu><-i! (jL^J'VI 

# ft 

3 f 3^-5 JjiwJI flL> ^ 1-—-Ijj JjJwJI ^ 

#L_JJ iLiL*- oU-laSj 4U_i»jSn »LJJ Ajt»_ r *Ji i-tJJLd) <u_^ olilk; 

^ L y?JLi^> ^ L-> jL^uI Ji'LJIj JULt*-^ AJtlxj . I j «..,.ZS JCx 

c c 

J I —XJ IjI I A d ^ ^11 t_ t . ^ I „ 7.11 i 

iiUU »L-o jiL^aua j+-Zj£ ^y^jLu^xll <■ LbJI ^3 

« 

Oj^ ^ ■■ i<i.i (j)^ii *Ji OIjL« a»^b"VI 3 y 

LJl«J t 300 JU LfJls U j£'$ L*5Lj I^j L^ ».. ^ J 1 jl 

jJjJVI ,jj> Cj Ij.... ti.f. »JbJ ills JLo oUL3l jjA> (jALaij • Jj3will ,j-a 

t 

. ,j3jVI «Ja— 
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Table 9.2 Mean Yield of Wells in Various Rock Types, yield in gpm g 
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38 


9 

10 

• * * 
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(1) Wissahickon Formation-Schist, phyllite, and quartizite, “albite facies” 

(2) Wissahickon Formation . 

(3) Also includes diorite 

(4) Median yield of 91 wells is only 8 gpm 
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Figure 3.5 Hypothetical region showing the relationship between geologic features and expected well yields. 
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1 Drilled 

Farm 

310 

25 0 

Lower pat of weathered granite and fault zone. Small amount from joints. 

2 Drilled 

None 

:oo 

0.1 

Very small amount from joints. 

1 Drilled 

block 

311 

0.5 

Small amount from joints. Water is anesian. 

4 Drilled 

Observation 

135 

! 5.0 

Lower pan of alluvium and fractures and joints in and near dike. 

5 Drilled 

Domestic 

RO 

1.5 

Low er pan of colluvium and joints in schist. 

6 Drilled 

Domesuc 

130 

45.0 

Cavernous zone in small body of marble. 

7 Dug 

Stock 

20 

4.5 

Alluvium. 

3 Drilled 

industry 

160 

35.0 

Lower pan of alluvium and same fault as in well # 1. 

9 Dug 

None 

15 

0.2 

Small amount from joints. Well dry during droughts. 

it Dug 

SuvV 

25 

0.7 

Weathered granite. 

A Koidu.li 

0 Fault 

>uti on er.miK 

Granite 

O Joints m gi 

ramie 

GEOLOGIC UNITS 

E. Alluvium G. Colluvium. J, Aplite dike. 

F. Contact between granite and schist. H Schist. J. Marble. 
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Figure 9.8 Hypothetical sequence of lava flows showing various features that produce permeability and porosity within 
basaltic rocks. 
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til . j^LlJ-l ^1 >Lil »jjb jjL» jll& oULUJI ^ ZJljJI oUj£JJ 
J~s»IjiJIj £_}JL-aJ! iia—ljj ^Jx»JI ^yi £jULJ»I »Lil sJLfr Ca^uJl 

,_jJI * HI £JJw L.CCj ( i-illl 9Lit 9-J^_d j^T.Ti.a 4jjJ a.kil 

• al* L L» H ^1? i*im ) I 


Table 4.1 Porosity and permeability of Sedimentary Rocks 


Description and Age 

Porosity per 

cent 

Permeability, 

millidarcys 

Reference 

Grand Saline Salt 

(Salt dome) 

less than 1.0 

4.1 

17 

Hutchinson Salt, Permain 

less than 1.0 

7.3 x 10' 3 

17 

Bradford Sandstone, 

Devonian 

14.8 

2.7 

51 

Berea Sandstone, Mississippian 

19 

383 

51 

Oil Creek Sandstone, domlomitic, 

silica and carbonate cement, 

Ordovician 

6.7 

4 

50 

Woodbine Sandstone, medium 
granined, moderately cemented 
with silica, Cretaceous 

25.6 

4400 

50 

Repetto Sandstone, coarse 
grained, poorly indurated, clay 
cement, pliocene 

19.1 

36 

50 
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Description and Age 

Porosity per 

cent 

Permeability, 

millidarcys 

Reference 

Wijlcox Sandstone, shaley 
friable, poorly sorted. 




■ only partly cemented. Eocene 
Limestone, Wichita Fromation, 
compact, crystalline, no visible 

15.3 

0.3 

2 

pores, pemtain 

Limestone, Wichita Formation, 
compact, crystalline, some visible 

4.1 

less than 0.1 

3 

pores, permain 

10.1 

7.7 

3 

Limestone, chalky, Devonain 

29.5 

37.8 

3 

Limestone, oolitic 

Limestone, Charles Formation, 
fine grained, originated as carbo¬ 
nate mud with enclosed pellets 
and fossil fragments. 

21.6 

339 

3 

mississippain 

Dolomite, Red River Formation, 
sucrose, intercrystalline porosity, 

8.4 

0.1 

35 

01 ‘dovician 

Dolomite, Turner Valley Forma¬ 
tion, sucrose with fossil fragment 

11.9 

16.5 

35 

molds, mississippian 

Dolomite, Red River Formation, 
interlocking mosaic of subhedral 

27.8 

290 

35 

crystals, ordovician 

Shale, Pennsylvania, depth 

468 feet. (Permeability 

6.3 

1.0 

35 
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Table4.1 Continued 


Description and Age 

Porosity per 

cent 

Permeability, 

millidarcys 

Reference 

measured with 0.02 N NaCl) 

... 

SO 

►—* 

O 

i 

CA 

18 

Shale, Cretaceous 
(Permeability measured 
with 0.02 N NaCl) 


4 10’ 3 

18 

Shale, Gros Ventre Formation, 

Cambrian 

11.1 

.• • 

31 

Graneros Shale, Cretaceous 

24.9 

... 

31 

Chanute Shale, pennsylvanian 

15.0 


31 

Nonesuch Shale, siliceous 
precambrian 

1.6 


31 


^Jl jjiwaJI UJZ AjSUuj (1-4) JjJjII 


: Sand stone <Ld«)/l : 2-3-4 

C 6 

^Jl jJ* i I %5 ,^*0 ^Jl O l M. »*3 

*. oL-^J-1 ^JLc- oLaLJLl jIjJL* . %30 

C?u j-aj . (1 - 4) JiLjJ! . Cemention aj^u—JI i->jij - oL-.i-i J5Li. 

iijJUl ^*•''. — 11 jjtL a^ «J I j i j i *•*•» o! 

jj& jl j£-r • j jlj^Jlj i CyL-^jjdl i CoL—Jl£JI i jil—*—^ 

ol>jJb Ju*JL)I Cw? jtu jS Ifll j\ ii>j-b < u l— a >*i\ I 

a .1 t a j I '--‘J C^J t£j La a_ I - *» -—L) ^ <1—Ta j JI j1 I 













■ - ■ &L41 >& 


I . Ip Lw-«-'>* J^> Oo L*-4ki lisj I ywj jj 0 I < X+& 

{jA j^TV^jJi SJ^J A. > J J t ^u3L/LoJ» U A id iu l I O L> 1. X I *L> « V t 

<,*■* 10 .—p . aUL.a.4 y^ Sm/ 0 0^*^ 4 ^ ^1-P a ^ ^ JjJLrt^^ 

^jl J~*-x o l ^ — j » h > ^^ ■*■* a — ^-L o^jl jj^^aII l£JuJI 

J^-l^11 jl ♦ SjjL*il O L w w -i-l ^ji-P O^->jil ol^jjl £~A JJLauJI 

Cl> ^. 1 Lc cl- 1 i0 jjJ?\~£? ^wJ jj! l£.XJL/ A 7 i«.i^.>>< iI i A_*dJuLxll 

* * * 

I^l5" 1 O*IjA . <i.^i ? 1 ^\j±\ j^l • A... A . ^ l . 

A^,Jl»3 J I jj “* -^11 ^ ^3 l sy ^ oU jm^mS' A- 7! a . ^ 1 I jj rt* — ^i\ t . aJlL* 

cA^zJJ AmaJI^C (..rtJaJ U A TI.Qi,,.M,l I j^waJI 4-woL**^ - ^^3**^1 

• A^Jlx- A-wO L ». n A j) ^ A^ (^ 

* * <■ 

ol>lj . j5nj i 8 1^>L^ a.aJj**,^ o j-6*p* 65 ^lx- Ojj>I 

* v 
*o L^> l— wiJ I ^1 2000 1 ^ j L»p*J 1 

^ jjuJ jU uu ajSULJI 9^5* olijy ^1 ^iU-JI ^^JLp 

£jO> ^j-o l ^ ^Lx J-^a> ^xJi AjSUjJI jl V! 4 JiA3 35 - 10 l^LrXJtJ 

j! JL>J JL5 j - ^-Z>tA1 uL?_^*-3 jJ* t-jJ—k-^Jll AJiLi-JI ^0 (jU-3^ 

Ot L> CwipJ I <LaJ^q^J l I ijSLiJI a*.ju? j-ll oLij_^JI 

* 

. i_Xa^1 jj>-d\ u L> LS^ L - J ^.dL*M*LJ 4 <JJ.„,-U 



gjl jjl jtaiil — 



. 4_X» J I j^iwaJI jj t *A- to - (1 - 4 ) 

jlkiVU JuJ-1 . wLJlSJL ILiUI iiU-JI oli LJu J\ jjbwsJI - a 

• JU» £^r—i * jjbwaJI ,>» Jj^w- ^rrr^l 

jj *-*aJI si* Jjwj Iff ijJl • udaJLi aLt> *^..a..- ^-L>j jj*-** ~ b 

■ 

j r j>~aJi 3 i* . %1 ^ Jii ;_*Lw> oij orthoquartizite cJ>-ji^jji - c 

. jb 5 u sl~o Jj"*' ^ 

il—if ZJ-i..T «.a » • -. jjjwaJ! »jj» , oIjL .1 j-a *-LJb A_at....a — (1 

. oljU-SL'^’l 



<t_jLaJl oLjjJ! ij jLaj tj* Jii aJLojJLI A*LajJI jyuJI ijjlij 
oL.il jj J^II. dUi JUl- . J L$J iUUU jjbfcsll ^-c 

30000 - 1000 tru £jlj— 1 s? ijiLii ji L^>j »..c. 
uu Ljj_£»x Ha^ijjdl oL—J-l oli aJjL«II i_JUjJI jj-sh—c aJI iL jULi 
^^3 LoX A.>1^ > jJI Ajiljj ( ^y3 ^pa «j > 500*1 

i I ZJL> ^ i_Jujjf o L .w. J -1 lAj i-JjLixi! ^liil!5(l OuJj L L piJ! 

^LJ! jj }I ^jju ijiLiJI plaju» jl 5/1 

jl . ( j ?..) I OLm> dftj <U^UI jjlijJI) 4„■«.■ a .Mi 11 

»w? jjts }I I ^y> J-«-^ ZjjLUl (jLc a^^11 ol ^ - Jcd l iJ^JI 

* 

. L&^lx <u 3 li j hi I ^lx 

• • • 


: Carbonate : 3 - 3 - 4 

j y '> !I jjl .* i L.:J 1 jLcjJl L, ^j : ■ 4*^ j-? -^1 

p f_^-> LS* 4 4 jI oj 14.4,4/ijpxJ 1 ^>5 j^y^S -j-x ^-*3 ,j5Cw?Lxo> l o 4 ^—>0 1J1 

4 iZj Ij I l *Zj l ■ I . 1 ji^ * <w3 1 .X ■ L ^ l I L) l li . o_j 4 11 4_’y_ . "4- I Op J1 . ■'? X-5AJ I I 

J^L-iJI) Lfe j-^-i ijj-i3_»JI*L-j*5fl Lliu oLa-5 ”!jj ; c-jL-JISsJI 

Oj-ju J-i o L_ujl I » l j>: jo xjlU a. . Loj 5' I <L i l-i-’J tj a-.—j LJl I . {2*4 

C « A 

(jfP* I l )<■ LlJI jl L^JL3^ -Aaj 4. j 

CJL^ IS| UiJS ,j>2 ♦ iljtlf J -y-Z' iSj^^ Uj I ^1 

s -J 

Lcj OjI* L*-*J i L* ■ r^l 1 

J?i,A Ij ^ ^ ^11 Ol^-jJuJI ^yXJ u . ijL^J *V L-d ^1 

* cu l » M i i liJI ^ ^»-« % ■ ** i ^* +++1jj & ■ it L j . 1^ ^ 


. ^'JUtll CoLijJjjJl 


dwI 1 ^ , ^-3 G gm a Lx> ^i* 11^ I <L*.^ Li* .1 1 1 


^, ■■ r> * i iiilL L^*>? J Lj: *J j^j v^l l * LmXmwIj *^. u~r a ~*^~a 4 ^Lc qiUcJij 



. i-jL'j_.jlSUl j_j>wflJI ,j»« JuJ^av* £ba"V £^^-*-4 ( 2 - 4 ) J£»jJI 
oUUii . ^jiSUI o-^Jl ^ iLli £* coquina Lj^jSUI j>k^ - a 

. jtif £ J^>- J_^»wJl »Ju> y* d . r4 ~ U 

ji “il jj JSLij Ld'biU oU-i’VI jjJJ Jju* CJj$w *JU jj ^j_> _/>o- - b 
. aL-«JJ AjUj** i j^j-i ^> —- 1 ^ ■ *> ■-■* CjU'—U 

LUl^> |J-L^ I oL-add! cJj^J Jl.L— cU JLc * * 4 ^ — 4 ji c-jL-a_^Jji ~ c 

. -Cb* ■ » ■ »-'q l> j ■* ■»• j_^»waJI a-AA y» J-*> aJ. ^i zI! oLal — U ^jOAj . CjI yV'-b 

c-LJISUL S.>f olcl>Hj ll>- iL.15" iU— J*L jj&l - d 

jJ»U~a « LX_^—L LaL__a ^Jjiajo jj- y - at ) I SAA (_Jj—«J-I 0‘ a ~ ^ 

■ ol^caj oljL—.Sj'i’t 
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0 1 2 3 4 5 cm 

I_1_«- x . > 


Sc aM 

■ *-?£! J*j*+ {Jss> *^Ot J>S>- ( 3 - 4 ) JSLUI 

4 ^ >■ W|« ^StoLoUll Jji.Lj-JI .1^1 

# I jjJJ (jjii I # 

* c 

-^a)( ■**'-> ^ J- 5 * Cr° £jl>J o' 6^-? 

Ja ^_*JU ^-Lil Breccia j-?r-J- *—>V1 »J-c ^Jl qJJO i _ r jJI 

a — ---' ^ *0 2 L- o jj-^j ? ^3 Li I • (3-4 ^L3i ■ 1 * 11) a -— 1 j_>-1 ^ ... tl 

<4woL~Jt! dULjj ^JJI <jls ^jLa 500 - 10 ^ rjl 

* * « « 

^ ^ C5^“° O - ^ (3^ ^ ^ -? ^ ^ I i^l. t'l 11 I j I L*0 I ♦ <4-JU4?*V I 

• (1-4 JjJuLI Ja>^) J^ij 

* , < * 

|WJiJI oJj-Al >*J-I (ji-j o ! lj^ 1 y^ 1 O^i o 1 

. .ULI ;__:.)U j^J\ 5_-(_il ^ ^>^1 JISLiS/l jli 

olJiltJI j ol a JaJ I J jlf ^Jlc ijjjLiJI jLjiJI oL^jls j ...CiNI 






——-—- — - - — — . . . . - 

(_jJ! Coi_IlSJl j-o j L t_T.1! . »Ldl fPt*. * JJuj Uj <i_JjS'I a—>_>»l_ull olj 

^ * 

»j~j>~a C j Le^J j jJI OIjjAj . Liaj I ^ -,~ a ‘ L**® jJjj £~> L_jJj JJI 

J-XA/ oLaLJI jSJ jJ La jlj j_jLa 300 j*a JJl l >oLjj jl 

jLjj ,j-a sjJ j_a 1I oLaL-Lt jj *-4“l j~s*-^l • ^LlII jLjjJI j 

. %ll-3 lU^Lwtj 3.4 sjljuu ijjUJ JjuuadULc oolite 

^jlj ^^La 5.1 xoli; JjLxa ^iiLc Coquina La^S"^ "iL^I jlS" ^JJI (jj-J-1 

3.0 iLoliJ Jjjt_a aj CuLajJjjJl . %6.3 oLu> Jj^-aj 

« 

1165 I ^Lci . %13 

. %32.4 cJtf Jic-Ij 
•, 

a.fcjl 1 15" ^.a-C 4j2 JL-Hj 1 ^ ^Jj^XxdJ 1 |» Jj.<il O^UI ! 

j-L-j Uj . iJL>waJI jIjVI Jl dLJU jjJa <L4^9jjL OUjlt IXxj 

100-20 ^y> 2j jUL a_«jL" j j_>r—. a! i j*if f^iaJ ^j'il xLjJJ ll^x 12* 
,j5L . A ..Jai-J I ^ USf I I JailJ I ijA a 'j-j*$ OL. O-'T j I jJ>L ^y-^j I i j^L* 

^Lll ju ju^a j\Sj-9 jLacVI Jiu, 3>Li Uxx («J2 Ll>'^I l_La> j r . „Ju 

iiJJJu_» aLJI jlO j-a j-J&y j^-ci -Lua-JI jbJ jl i Jj*^l j^-ill • 6 l^lj Jajz)\ 
i LJ I |_5 >J I . .17 8 0 I jU CJ^S ^yJlC L«*JJ -L^fc L i . X^ 7 ^Lt I 
L-LiJI jIj^I jl jl . Lx^Li lj^Li>l joJU-l LdS" ^ xjh_LII jIjII Uds->J 
Aau? U j AjhJwS j L I jrJZjU l^a 01 A A ., ‘i J / jjJ 1-t 20-2 (_f^ I 

Ja Ia_a Jwk-A-^l 1 L-JULI jIjV! jl jrL> . i_Jjilll Jj-S-J-I «- a ^ 

JjSfl ^jlc J L> dJLili jU Lfil i _ r Lc Uc-aj ,jJJ jl ij-LJIj x^_cL~all 

. iLii / jjJLc 50 

j j >*—^ 11 ^ y?, 11 j axjlaJI w Ujjj IS2II f 7' I Aa jLiij 1 1 i ^1 1 ^ L - : ^21 




— <u^pi <*41 - 

• * 

l-.i-tI old oLilkJJ j+jj ,jl iww>u L a * -.. 1 1 jl j& 2 _ .jUjjjLsJI 

aJj*^I a-^LLII old olilkJI . jLjJJIj oljLio^'l a^UI ZjyUJI 
a id ij £jUL> t _ f gi ZJkLlI icL-aJLl a, ; .,^:IL 1 *^ jj5LJ lc Sil&j I 4 J £ 

jiy La jJl4j A a^A A_JjVI AjdLiJI ■ Loll I jIj5U A;,»»'.1L 

olilkJI < Jao ^yJI A.. Oj*Vl dL-JJ ^^jaLjJO jjJf ,Jj» 

o^L-aj*^! dLki V Lcj j^otll Lolall a^jL..J I jl a la> jL uxj . aj ilL 

. jL"VI oLJLI L^jL>L-u-a (ju aoISJI 

A \j 1 I j I A- A t j (j j IjJ d A —> I ^ ,yj I A.i. r Ij^J^ I * -i 11 

jl &oL 5 LiJ oli j a>Ij oL^-U iJ jSsjl* 

a. aLil 13"sL^L J 41 J I ,j&-£ V oUJJ . oLfcL^VI ^ ^3 AjjLo-« 

^j3 A«y .^ j*i I dLlI i— a^-oI—jO ^jLC I Aj ) »■*—3JI A^l? j .an * * 

<_yLi jkLili ^,-wC jL^JJ 0 ^ J ^-*- 4 (4-4 JSLiJt) . iikdl 

oI_^l ^ (head drop) .kJu/JI <_,i .kj-^JI a-J j^SL ^jJlj (dl*jVI 

- y Ljd I U d^i? c wld j (<0 L**^j*V l) 

^Joju )j -ill ^tf-Jall js)\ ^js AOu> a^jS L$J a*j_^j J\ jj^>—.- ill £«w<k> 

oL^'i! ^ La aJjLsIL ,jdj-a-jJI sLtfV! ^ ^kLiil _ / —jL^oll ^^jmj 
Jj-* —-a jI ^d L-J Ajj—JL^tll oLq L jJI <j^> JjJ-*JI J*)L» {y> Ji>jJj . ^yJLsVI 
1.5 OjLS" Aj dIj) J. tjl Aj dLDI ^ I A_.„ 33^' I AjdULl! A,, ^.i Ja^j L AwXai^JI 

i Jxc\ %6 (y> Jilj . 3.0 jJS\ a-—J ^Jicl ^dloJI ^ %12 

t * * « « 

■ Icr-JSl ^J'ol ^ A-ii'VI AjdUJI Jj> ^JLcI Aj d ja£- Aj dUi 








ISjS 41*^1 ltjj SJVjJI uj-j olj l—£2'l olj jjJs—aJ ( 4 - 4 ) JioJI 

Vs* - *-* J-U ^1 JI S 1 ^s-»j v jp-* »" mm 1 i 4 L^*V I j 4 ■. ' 4 Li I 

. I 4 LI I 

: jUVi : 4 - 4 

£jl j-Ij i»o»-Lol olj JljUxL A J—J-l 1 jjJX—jA 11 jl^l 

^1^1 c j»*c-LJI d>l^ -Q-~ ‘ 4 xj j / j_^JL2 500 “ 1 cA^ 

i ioLj-s j / jjJLx 200 - 5 lTw ^ -JL°jJI j jaJ 1 j « a-j- ; 3 ^ / j^JLx 5 

oLj^Io'VI ,^5sJ . <lLo i / jjJlc 200 JjL»w Lcj ji ^>J-tj 

. iiJi / JjJU 20 - 5 i/u £jl jj iii/Ui 

* 

^jLlJ-l ^^aJl rT> ^ «.7 aJjwmJII oL_>LjVI jl (*ij 

JwjjJj (JjJ? (_y3 ijOiljJI Oli2Lz3»’VI jli i sL.il J-O>o <LlL*oii 

,^5Lc V ^jjJI OlftL^I Aj& p-iil S-Lil ^j-a JjLjtf jL^I 





- <u«apl oUU - 

* 

iLJi / jjJUlU IfLe *rC_>JI ij»-JI . £jblJ>l u^Lua^- ^1 jl 

« 

I jl . »jJU jlS\ oLj jiju> wz*m iwo^_JI {j* ^j£ J£J jJLJI Ig >.;~.i ^Jlj 

IJkA dl>- itJI <4; ) ^ylx A >X_fr«Jl A «, ) I J I h«i h m.8 I < ^ji*A mill J-1 wL~» . f jb” 

_^xJJ J-jii-u ji ,^c ^jJI S.C. index i-xyJi iL*-JI J-Ji i Jx. J j _ 1 a->JJ 

j£J b$lC OL» JA\ tiliX "V j-» * lj>l jJlJI A_*>Lj’l jX 

. SjUul j£x L^Cw 

A, J n"1 T . U A^jj_*^}| iiil?A ^ ^3 ») AXjJI A 33^xJI 

,5-4 JSLiJI {i^yt gjjj ^1) uu-JI j*j ijji ol j?*. j| jm J Jbxxb 

. ^ ..y5L ~ JiI c^ljjjl^js^il iJx t ?Ij^J*j’l iT^Lc. 

Jo-t.r...11 ( _pi»LJ-l ja CjL-*S £-i-b <uL^Sfl A_w>bijl obj j£x 

« 

A h. Jj , jjpn _oJf jl A_J>bijjjlSUI jj_9waJI OL^t-I -4.11 £-~~j 

» « » 

,j-* ^4^*1 JL»ax— nb j! ^jlJI ^yll ^bc ki JJL* ^waj jl cj! y>utxII 

jb*^l jX^I j_^J sjx j. h i. ~> cj 1 j <2J«I i^jIp j'btf 0^ di>jJ jJj . Gu ibjk 

j!>XaX jb'i I oX^ l A,fX^JI A. < N ,mJ I ^ * A.* k II < L, j 1 I 4, lv Lj*VI 

sjlfc (2«il jjj2j OVjb^lil ^--a_> j^o " 2 ^yJljJ- J-i-Ajj . '/ 800 - 20 

*2J-I aJL 4-flb S* A _a _ » _ a„> dUi £»j . jbb'l a_;_>-LxjI J 

OVjL^-o jli j-LJJ I A^i53l {jA %40 c_il5br J-Jj>ci]lj 
« « 
au^JIcol o!j^ 

. jj\ 3u>bJ| 

1 ^3 vJ^ObiAAXyJ) ^jA ^JX ; < J I jb^ll lx>^f t 4 fl i^ tf X I ^/i^MFptx] I ^yxj 
oLjjUzlJI aL-^b ...LS'j^LlJI {jA X'jb 600 ^Ji 100 oJl- 3 j*J . jX_JIj 

^3 A-J^a^JI jj-P* 11 #jj_i^Jll A a_, 0 1 . 1 1 jb*Vl ^3 tL.-^LJ iboL^I 




- - — ■ —. - .. Jjtyl Jldiit — 

j^l 2^2 j\J *4—*-> l—O^J i l li M l i I ■ I I 

i>ljlj jiJl ^Lita ijJ J{ jtfll »jj» i->Lj! J SilJI • ijLilj 38 

* Uii c *-^i_y LI «o-JLj-l ^-jk.JI JLiJ ^yJI jjJsxJI i O .. C .UJI alj! 

J oljL-SL/tfl J ZJUJ olJjuLdl jjo 1 jl JLt . >U-I i-Jux 

* 4 j- 

yj L i * *■ « ** I Lpl l ^ ^X^LJl l 1^ i l 

^ jLjSu ^-..^-aU-i ZjLLhII 
<^^>0 jl LJij I ^Oil <t-..JLj-1 ^jk«JI jJt«T JLc jjia-aLil J> . < ■> LCj 
*lj 13 Lj L«_*-<2Aj SL A».t I l yA Ju^jj J t ,lx» ?*_a ^3 »I oIj L- i Jk j*^ I ^J i 

4 S~ J U> jislO <ijtj? JjlJb O l I JjUua JslJ . iljf 

. L‘UL 250^^1 Jl 


: 4jiajVl ftllaJI (^J 2 ^ : 5 - 4 

ik—oll oLLJajl olj <ji>Lil J 5_^L> »jj—^ij I^<j»IJ oLjjxjJI *J 
4 O^JoJl !<■ ij-J 1 ^Jj) 1 g 1 * 1 * 1 *~- 0-^ 

a^..E.■>la.)) o1jl>^J l ^1 J-JjJlj ^ia-J! ^Jl <L_sj~JL5LLt a—J^*-LI 

- « 

J ^LJLj-1 s.Lftj . %10 ^ jjS\ Jl J—aJ ‘4-^-dl 

» Js!^-oJI * JLiLJI oljjLill ^jL^wa oL-—j jJ . (_$j—4-! oLL-k 

4—.3 ■i-'lJ Jw>^1 j^-i-l ^ j»L-4>>l jl 1 4 * • : f >, ? ‘ ‘J^'^J’lj 

. (6-3 JiLiJI Ja>^() sJt >j L ^Jx^J\ Ja ydl ^L-l Jc ( 4*3 J ^x. JOiJI 

J ^-4^ kJljJjJI L^^i> sJujlc kyLjj-Oj.-^ Oi-J? 

oLiLij ajLc 4 -L /-»r11 jj^waJI ^jI ■ -ktJI jX 

j^X A 1 .(-1 a.,a oLa jJLujq J«c Jj,>.-a-^l • jl— 5 sj*VI 0L0J Ijj aLJ? 





- JUi/JI @tS) ————————————————————————— 

t liUJJ . oLa - Jail « ^1 

oL-^JI J\ Z_iU>! . 3 L*jj—J l oUUJI oL-iiJlj oLJaJfj 



01 234 5678 9 10 18 

Specific Capacity GPM/ft 


^ l i* A . ■ *■ 105 J ^wJJ ( 5 “ 4 ) 

• iSs£-\ *>* 




------—- gfjjrjiaijr — 

9«L&L.,m a i l (^^>"^1 d—jLj—JLaxSfi ‘ I jJ*\ j +2j 

X _J i I ^ i . 7 . 9 *)1 I cwLi-1 ii->J a . A^j^m jJ I . ^l l I ^3 ^L*^l 

LclS' jli Tjl> ULya-c. bj!jll Cilf lii . ssLc jU^eSt! ai* * I^1 

► * 

bl . 3l yA'- a ^jjb jJlJ jAJ* AaLS" j^J^I Jbtfljl 1. ^T^y.11 

aj_^>Ul CiUjJLxl! ja a jli_w^*jl ij\j (j-hjJI JJJ) ^^lJI lit 

oUi £ua . 4 -a-jJLA j^fisJI ^y- j_yAw-ali <■«-* k.,Jt ofjjj^JI ,jX. 

a^-— 1 i t <Z-> I ^ ■ ■■^9^**/1 9 Li I O*tj> j ^ ua f ^3 i ■ v* 7 . ■■ ■ 

^^yLc C~;> . <j-JxajJl icL^aJI ^j-o Cot*> (^yJI jLaJsJI ObjlxlL 

caLltc! a ■ 'J1 OLiUJIj ^jLiJ-l ^jJI ,jo-«)l . liwil ..a SJ I 6 Lit A ,£JJ 

4 # 

xL—->1 J l. I jj I 4 U ^ 1 >^JI 

4jLo l^ 4 1 i 4_£ I ^^3 «JX£ i 1 4-*^JlLwJ I 4^*j i j J p- ^3^ *.^ K 

• U^' W 






------ — 

:<uUyi jji-ail iuiplo(4f : 2-5-4 

Jxm: L . 'a fl.^dI Aj jliJij <L-yoL^ull oli <lJL> jJf jj.»waJ! 

*Lif j* HIjlII i^UI ^Ju . olji> & jlS I »UI 

- f &*XA ^vixj o ^) ^ 1 .«JI j^tdi »jjioLf 

£jJOaJf oliUaJ Jjir JU£ iL_OjVI »LJL! JL>ljJ »JO-aj-f ji^Lil 
i—«-*wljji ,jij JjJI jL^I J-fj if JL->jJ . I J5* tk ; 7^11 oLJUajJI 1 jrt—O j 

ofjj^Oa jl JW^fj J^LsJI |t-«a} <ih ■ w < >11 oJLslf 

4 »J 1 ^9 ^9 L& J^4tllf AjbLaj f-iO J jlijjl 

CaSC - iX-oill A-S a J\ 11 ujj Jaiil ^Jla> jjJ-l y 

{ j^xxj L$ oLc . ^l^JI a 1 j}\ ji^v^aJI hardened 

"d>JI d jL-«-0 iJuaj JJ*-** <ULdO« j-c JUj Lj»Ja*4i <uL<a. z li 

* * 

J*£.J ij_4£> jJLJ ( _ r lfl LJUjll jjiuJLi . liUJJ . ^JLS 20 ^y> Jil jLxl Xs. 

ft 

4. ^.I> » I f ^9 6 J»«- V M h > J f Jwi-C OiLflj 


: AjjU^ 3 -OJajVf bLaII (jc. ^jjaall: 2 - 5 - 4 

i^yloJI ol-l jJL IaJuJ^ i-Jil01 q.;. h !I jl pij 

LgJx JOidl ly. fc.r»_; oLa—kJ I jli i 4 . J ■ h 1 fj 

(j-« o^.,4oli-JaJI < ^jJl.^i)I * tyy5j-iJf oLi'^Li^Vl i 5x.. ^» )l 

g. ft 

</ J* Cr^i *■ ^u-jIjoj^I L jLaJlj i Oj-«JI j I JLaJLJI 

AjL_o^Ji (jj-yJ-l ^ oUxo_j 

£jLo>- l^Jf ^o.*^ oLj_^o jJljJI j«o ^LoVt ^ .CwLa^J^jJlj 

ft * 

^jaJaL-JI jfsJi Uuii ^5*l—4aI ^ JajLi . l la.-. ~j i)al J}L> ^ 

ft ft 

AJLjJ? JlC j I ^ 1 J " ^ 0 ^ UT ^' 




- <Uaj1f &UU &£& - - -,- 

I (j4 A»Jj <La^L-*JI • aLwoJJ ^LoL> L>j-i-> 

• * 

•^3 4 J*^ULa jl » jLji oLh^jls sj->j 5^UaJ! 

\£j ■' ■■‘^j j»->r.. ^ i 6.l, a >j )j I cA^ ^ ^lls-JI 

* # f - 

* X 4 JT r ^ - iLt ( j) n *J I I X w> L> ^ ,-. ~ ^> A3 O-j LjJjAJ! 

. jLjJJI oIxaj J-C ^Jl aJLjsI LJUxLj 

i^-jUjjjl£JI jj->_^xli ej^>*^1 ^JLLa ^ oQLa-Xil 

<■ c 

L^i saaIaao JLoj^jJI J^liil alxLal ( _ f U. jL^jJI oL^ii jL <Xy LJLiVI 
« « * 
d ....„ 11L I jA 5"I oU-LJI 7~^f3— j jIaa^I ^Jic. oL>uiail (jlj L^«j 

^•k-JI ^ji jLjjJI Jj-aj CjuX' J^Lall <aUaJ AiLi?i . sLi! 

Lj Lc i ^jj> I a-«> L . L$a< uu IjJ I ijjjJ I !jj> ^ j liJ I XJ 2 J L ^Lj: La (ll Lc. 

jj\ ^J?Uj ^ji IA> aL.^.'-iII iUtf?yd! O^" • L>jAjLa a .,gj^fl CjL>w!JI ^yJLJ L» 
jLjjJ! oL*jls L^*Ly> ^Lc- J-au£ jL/VI *a jij Loj^_*JI JIji..Lll 
^ . (8-4 JSLillj 7 - 4 J5LDI) . 0 UJ 2 JI jijL^al JL l^JSi\ 
J iaIJaJ .<-} 11 f^-£ J. v? I 1 <a>Ls^aaaJI (J"^ 1 aLI^ 

A.a j ’Xa I ^—3 I_^JLf AjA?%.zJ r^2_JI A' >~ - Aj^^_o>aJI OL^X L •> *" -,■ ‘ 1 

. #U1 jLS’ 

_ <- 

jL*«n j -~*~-*j > S^UjLja^JjA)l jf ci. : r> M.H j-1 O 

. fjiljjl v-Jljj*- ^ £JU < _ ? JI JJj L> Ux J-bii (JiljJI jit) ^_yi LxiljJI 

j~-*j ^Ja-JI ^ yojiJI sLII j -. ^ j^a i_ai-Ld I oLwj^u jJI 8 Li I 

L» ,i-jjil jL^I . ^ jljJI jLf'i AJLxaii »j_dl ^jA <■ y> 

^ * 6 * * 

CjfjA^WJ ^3 jJu£ iSj-*''^^ (_5* i-JLarfljJI 

ol A . i l 3 3 ^AA-al ^_jdx SjLSL A ^>-yi jLjJJI OL>^..^-3j (jj a II . jL 3^jJ! 

6 6 

. uL4l! J-t \>^r \jj ijA J I .\ A , ~ ~3 _« J^->- - -lU AjJupJI 

. (9-4 JSLaJI) 




- - - — -- gljfl J*ift - 

t 

Oli.ilH olj ji?Li) ^ jl/ill £i y* UUJU 

<4. j*j jLijJi ijl C^"i • jf .AlrtJI l£jt^ ^ Crr*^ 

iJLJI JiJI oLLU oli aJJJ . CjlT i^ioil jfcUll J> JLc J^Uj 

• fcM 1 (jr 1 ! o-r^J oIjLJjVI ^1 ^jju J 

0^5" Ijlj 1 A-Jues'Vl JwwoLil (jiuuj La^^C siujJ-l ( _Jj^4'l jJKjU 

-i jliJI CiliUaJI *if <uli iul> }l y> ^ 


Ground Water 







<L»apll ^D 



Per cent ot wellt 


iLU-l JjUl ji (^f jb^U ijpll J*_»JI uv ITAjJI (7-4) 

. iUJJ 




piljjl jtaiji 



« Ija-Vl . jjLc.'V) j-*J « j. 1 '. A i-jU_^jl5" *■*!»■■« fjt ^L-3t> jU ( 9 ” 4) 

sLil j*-c jl ^ll A jZ-J\ . jljji oL^wJ olj olilLJ! ‘ Ijj-JI 

. (JJj jw> j j ^>L' C jLl * ^Ujl j j B jlJI . j~S" 

. Alluvium iyj- J\ iikll <y jjL D 


^L?- 0 Cr* > r~^j-~* < ijj-3 ^5-^1 ^l-JL>jII jj-il ^ 

Jill! i JlL^jj v.^JLf».r a Uuspj <LoJ t _ # i-£ 4,. .A?., <■£ Am * C2 

0 -0 I uo I l »n ^) U lix**; j * m A^ io 11 

ijl—SUI (10-4 JSLiJI) j>Vl vJljJ-l ^ jhcU ^ J*, J| jj4l 


LiL LiLL ]gju..^ t$jl VI aaL ii. 


* t 

jLla (^[j L(^Jl ^axJI aL-» 4 "Ltf>L* jjjM ij* aUi 

LJ -Lj jjJ- Ij jI I l. y^] I a La i_J_ j—J j» OI j « » . t J (juJ dI jj^waj I 

t t 

*>—J**JU 1 dtwrfjli • ,1^1^ { I i 1 & l i ymA ^A 

<■ c j 

La I . iLlUl jlLaVI oli jLLil ^ji L?j^a-> a^,-L-aJI jjJ-l ai^>j-a 

(jJI ^*JI aLa c? JLc jikjj JjLVI o J *-J jlkaVI aLa jli ajjJ-l 

:LL! I_l-JLC jli jJjLI LiliJI ^ jjiwaJI ^-4J 

(a v . yS X^mJs. J5w aJ-UI a Li I Jji L«L*JI aLil Li*JI 






■ <wia^l 6UL! - , 11 - , 

j . ,C> AjJ^i t V--.J ! j_> Jj-3 ^ ■' • - I * l. « J 1 ^-1 a l 4 j ^ £■ 

ixj_*JL ^jLi-l ^xJ sL-II Xj Jii ijiLiJf c^o- jj»_JJ <*_j_>!jll 
. (10-4 J5wJI) 4.;..i.'j-1 jjLy5(JI ji jX-JI v-Jl» Cr* 'Sjf' 
JjjjtJ J li J . L .JJ ^ywia^JI j(-»^j-l -yi J^l |Jijw ^ ty^jjl »L-» ^4^ 

J-.iU a_-^jS'l aU. 1 J,o.«,:.»J a j~£JI jJjU ^'jilt lift a^»L> ulil_J> 

L>J^ J J-*H ijJjJI oLJ.1 < U o l JuJ liL>—jl • OjJ^OA A-wfcSsJ WJj_jJJ_j 

. LJuJl aLII LIS' l^>ijxalj iiU! aLII i(jIlajJI ^--lj 


Ft*t 



. i-y L> j* * c La oLljJuj v>ji ^Lwa ^JX ( 10 - 4 ) JiLlJ! 










——-——— - --— - - - ■ - .. - £iyi J .aiit - 

: Lime stone caverns cij$S : 6 - 4 

^ j 3 oLJLI I oli 11 jll Ijlz-JI! a.« >■ LJI 

1930 ^Ix. J-i . h 1 ji ^ I^J.1 oUJaJI 

&L4I <.— $ j ■ ■ • ^Lf? L ^ Oj 4^JI dJLb ^L |» li * a 

&L«..a ( ^ * ■■nii t I Zj j/ ,1 H j »Lil a3 

, j£jji^ o'( w.m.D avis) 

Clo> Lb.ii a t Ia j-*£j t o'J-4SLIL I l.^.d I (I aiaJulI) * 1. ft.^11 i^jJ Ij 

iL^I! t_JOj-i-> JJ Ujl j-^L viOij 
• « * 

sLil u j jjx jt Jji o>* Ijj^l L»i . JlL'^ji.i jlS \*»£ aJjJ 

d_J_^SsJI (JjL><IL dL.-xill ,^*3 o jLLj A.*.i?jVI 

* 

lOj^JI <_£jL>u> ftjtjlj i—1^5 ^I»J 1 9jA^»mA uL>? I»DL> 

oUjJi J-i 

*y*wC t_,cL^)i I l iltj^.Hj i ^ji^lirtipilI *■ 1 y >i 

* 

. ojJLJI iijujol ^^JLc. JsjLmJI OtvJslJI itXijS j * ^4 * \^\ 

c * 

J. ^ ■ .0 Cs^ 6ix/ OJk-^SU! iJjj&j jl ^4 xSjj-XJi 4 jLJL> j^l J 

, j ft Li I c^j-aa*-L^ ( iLl! -L*Xj 4**^?^*V I fcLJ*} 

^Ji o— ^ •XLC' ^ i 4 11 - '■ ^ L (X)<ivis) l < > LJ i 

* * t 

(equal JLfil 5ujL^ill ^Ia-Jl jl ii-i> ^L-l t>LII 4^*-^ 

J?Ld( ^LLodl Jx-jJI ^ potential sarface) 
o l^-«31 <j I . (11 -4) ^|SLL I l/u—* d L ., l I ^ixL ^ 

$j>j cjjS\ LjJo LL.(j^> oUIjJj jljjLI 

jl ^ 800 jL^xl caco 3 4 ^ ^..*Hj 1 1 <ww^ .111 





■ /i,->iy*<i. I, . , 

^UojVI Cru? (11-4) ^ Flow net jl^i.1 o[ -jtk-JI 

3?^k> cJjUl ) ij V.J-* ^ J?j_?JLll 

A_COl 3 oULL; i a^jJu l-l^j t aLjil t-J j—*.'■ ■» C-^ (jLjjl-! 

sLII iiL-ai" £4 ywiLj ^UjJJ1 jV l^iauj . Lfc j*£- 

JmILjlII as. j*+ki\ o*Ij jLi * 5 jl>j jjp i.si J1 Jl 

el)juj . ^^LcVI jljjJJI oli olsUajJI sLII 

» 

j^^x-cail ^yLiall »UaJI jlS" !jl . sLII j ^^*11 <-J,^ sLII ^ j--S3 A~*£ 

»» — t | ^ t 

<_J^3 jjljjJJl ^Ijl Lf? I ^»-X£ v. *+* - Cj^j3j L^.331 1 

tJj&'Z '•* LjJj-A.7 2L*J ! jj-> r w'x M ^3 4 *jJL> L* ^Lc * Lbj ’ 4— 

3? Liu OjJj sLII .la <—>jJ LLJL> L'_>SLdl Lj_$£JI j~-&\ iJ_*JI 

« I d 1 >,AilJ ^ •- - . 1 | ^ it J i^l Xu) i 

* 4 /v 

sLlL aLj^S* i “ J (IVL ij^j^ (jL L_^*£ 1 —j*VI ji> oVL<-* u\-J 

r bJ! aU^I pj J as*-* • i>^ (^ <_*=•>■ ■‘3-Jj 

J-Jj jJut jL aLil a (jj-9 a,}^>jil Oj-^JI Jajtj-> jli o_^5UJ 

jjijdl ^ f LJI Oj_4^l ^Aj ji ^ Jali jL.^I & 

a LJ i t-J J—*1^0 C-J* 1 a JP ^_ ? ^J I I_i^ 5 j-> J I jj- 0 ‘<^1! i J-a - v-j_y-$5UJ 

* 

. L-JUU'Jfl 3^* ^i • < > 1 l **m>A-l t oL jj * t'jSL^’ .nil jljl el) j i j-i 

u-j <£-a jZj> ^yi jS$\ •UUj^aj olj ^LJI fjhju . oJ! ^jLuJI oU^^Loj 
J*A>- {y> VI jVl Cj^ 0^ 'wijjLiJiJI aJtA . <a_jlj / J^-lj 

jOJLa uji ^ j~^"l -la>V-<j . a j^-S oL>tiJ 

* a 

jj-xJ-l u->jJ oljJJI j-f ^Jl jj J->l (jdlj Lpjj— ^ uyOl 

JUJUJI v-^x^-a __ r ^—« 40 - 35 tiftj ^y^I-JI IJji uijj—aJ £jl, A—5"j-JI 

* 

& —aiajl! ^j^jj ^ ‘ * J *'~'JI j-?—* 38.7 JjLjcCj 

* 

. i-J UJ ! S> lj t—<A$La jZa r^a J&\ Ubj LiSJ OI j 4_>> jjt^jL I 



gljJIJaaill - 


Uniform infiltration of rainwater 



. •‘-*->’-£2— AjjjlJ ji Lh . 7 ** Jxw«j i , >,.jl J*j I aLLI jOj> (11" 4) J^mJI 

: Ground water maua jemont 5jl J} : 7 - 4 

> Jh .*.a ^3 J>\3 4 Ja-i-gdl jjx .^11 a.. cjjJl a_JLil oLa*Lj*ill 

LJuLJI L^J ^sJI OlijVl J aUl ai> J>>11 I*-~J 

>L l g .h *j IS.,'! Za >'_^5sJI C-JL” Ij^j . L^mJ » a LI! :JuJ <Cw>jU-1 
>-_i. J 4 £;L_LJ <1?>.1! ^L)*i! Lr ^Li a^^Ltll >?Lll ^Ij» " ^I 

jiaLII <> 4L?j*VI aL-JJ >>11 ,jj . ajjLdl >?Li! (jilj 

,j>J ^ d*l >IC J-*Xf jJj lywjri . eLl) tillj oLjmji Iai> >£ ^ 

. aJu«i> dj>" >j 

vi>jJj ol...L-c. jLL>JJ dL jJLl oLJLn_iii LLti >i IiL> 

» kJ 1 jljjJJI oLjj >—-J sjj> 4 -■ >>I al.- a 1.1 iuLL 

> g.T ^ j j 1 ^ 4jj> ■ 't ,e 11 Or»ll 4*-L—C< 




- <Uapl 6141 - 

OLLaJI L jaijijS} H^JaJI jLVlj i A^jjSll j_?vJ>! ^JUL-aj 

ji J^I^LLJ oi ‘ j>VI iljilj jlka^! 

J_jL 5" La> jJ j^j-L Lf aL^JJ 4-LaU-l Aj^PwaJI oLi-JaJI OL^ZjJlj ,JjjLjJI 

* « 

}L_Jj J?jill I—OT—J! jl Laif . 8La aOlj jilL A ..-hj")! I 6LI I 4j Ji.LJ 

U-LL1 jLvJI dL-o jjb*w^ jLx-JI ijjjjJf l$J iLaU-1 oU .Iill ^ 

. ^L»VL <uJL*JI jLLI oLJlII >jj> J-c^zJ! Jit 

• • • 

: oUall <ucJ : 8 - 4 

A * 

X>^>CZ*Ll l 4—a l .- J . ' 4^j I >_,t l . r . > w 

4jjL- #L«<9 Jl 4 jJ ji! £*>La"VL A«....t. a aLa ^y> i^jyu jJI 

«-Jujj) jjjwail <^3 I_JIJJ) iljl! yA jjJJLL * y> 100 ^a Jil JLc 

jj_^sa J! JS" 4-. .^jVl aLJU jL_Z-c"II Jjjj JLi-SfI JLLc . 

* • 

. jj^v-aJI alt LJuJI aL-ll jj«a j jj jiS\ H-HI aLJLI jli ^Jt 

^ ^Jau*. <_jjJj U-LLf aLil Jji Lalii 4jJoJI aLJI j*Z-^ 

. a-XaJI ^jLaX^/l < _ y 5 i_a_jJU Zl-Lo J^ill a LI I jS"ja-a (j\> 

^ . > 4-L,V w flJ j 4_«. jj I J t ^ "‘ ^ yA Jj »XaJ I ^3 ^La*il ^a?l ^ ^ -" <* 

y» . aLkl! ■*—J l. ; ft- 1 . < T j_ ? j> a 4_>JUI Ji'Lill ja 

4, eLJkl I>Ja JJLJI oL^j ^ ijilxicV! 

* c 

jl 4jjJL> uLwiiy ^a JLajI Jjvjj j*J La >L»a 4_>jla d_Jla>'il 

* 

* ^ • O j <Wh*m 1 I ■) i I L-J LfcS’lI ^^4 U 

^ ^ ^ j - d *i I ^3 I I ^ —Jl t * i« ji?) I oLi I 

350000 - 100000 ^ rj\^J ^JljJI LXJI ^ 


<y>C^ 




gjiyi jtaiji 


t 

j-^sj jJI oULUl aijjcjll JJljJI jljll si* 

. uL- ,jZj LgJLajI J y* J-J 3 

{jA Z-ajJixil JsLjjVI i-t-JL-illl OU^abU J-t-ai I J«i->j-JI jt 

. i—i^jVl *LJLI i_JL*JI jLJJ .uSLalf jjLall -1>I j> JLaLJI Jj lx.jaJI 

(ji dLJL) 0 L Jai-,11 jjjll ^ Uj-Ji yS\ Jjli y -I j~*Ju 

j-a Jlj j-v-S^IyjJL JuJlJLI) ^uJLtaJI j ,jJJ( JL..<aLfi.)) oULJ? 

sLit ' r 'j- u ^ *-»,jijll oliUaJI &LJLI LJ5” LjjJi oULU I 

y> *JL»Vl »Lil JsJJ jl ^a~JI ( _ 5 1& 5ysL^JI ij^^waJI 

. ijoljJf JUiLcaJI oUJ? 

3 1 ^.aJJ *<5* I J • ^ I ^X j j ,,i* t I ^.. £ 1 l$Ll i j ^7 « J 1 ^ySAJ 

LfJ iLaU-l oU-UI (ji?yu J">1> iL£-UI oLJJ I I 

aUI . a^rji y y ^ jj^ ytf ^O' 4 of 3 —■—*— 

«u» ^lx ^ ^ ■ **■' J- ^ -^ - ) i ^3 4X3Jxii 

• * frlj 11 4 >1 ■ 1 61 * (• t ^1? ; 11 1 JL3.X. z J i 

jjxJI y> jujuJI ^ J^-l jA ^ U-Lll aLlI iJIji oj^ Uj 

<d> jj> ^ <Li-UI aLJI yuu l +£ . J-^Lil!j oIj-m-^LJ! L_jL» 

• ■y* j ~ 

j jj a^JL.■o.j^Jt jLjII a->-£jj olijjJJI BiLt 

. ijl»j Ij jjj l^J! j J1. /-»l -^i 11 j » <cJlajJ 11 ^JI jjxJ I a»*j Li) I o^iJ! 

ILa-^Jj i jjXi-H i -ujlJ-! ^ oL.-a-S* ^^Lcl JjLc JL-^aLxiJt 

^jA jJjl «uJ jJJvit t 7.0 5.5 lAj site i PH J * -n fl?~—a 

_ • 

« 7.0 jk-3 L»o J M .C - PH 4 l^J I ^5^1 a i S\o 0 




- iuapl OUI £d 


jj'rm.y-tW a.X.ft.: A -> » j^JlJLa j}\ jjiwlJI sLwO 

jl'l'l JjJ-*J! . OLiiul q . C.J * JL>jU C.-.- i Ty-Jfj ‘ a«>LlII 


^ fl *J 1 j} f j Jr ^~'i I 1 jill 1 La) I 3 LI I f I 

^.,1.->j oL*ilyi ll?*V) •* _«U ^^L-JI **»)! aL .7 ai 

J q I ' y> i-~jLj^1jcj t.~jl.*i ZjJLc aLa oli y ~j£ ^ L .«5i 1 

oUJi ^x &LJ.I a aa ol^u <jl *ill , o ^ J l U c j> 20 
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f^jSj 1-5 

AjC< jll! Aoa,llj^l j 4 AjjliSll 4 AjaLaa!! 2 - 5 

Ajj^I £LjjIt 3 - 5 
4jjl&t2-3-5 AaUM o*3luaaJl 1-3-5 
AoJajSfl oUail (jP 4-3-6 jbVl AjaUjI 3-3-5 

atullAj&jj 5-3-5 

^jjSSSSt JuaVi Cilj 4 - 5 

AjiUjyij 4 Ajjliill 4 ^wluiAjl 2-4-5 CjLuj*jijJI 1-4-5 

^LUuiajl JSLLa 4-4-5 j\jVI £ 2 !j-» 3 - 4-5 

oUaII Ajpjj 5-4-5 

AjIaLuJI (Jj)^«ai11 5*5 

AjjI^J) CiLjjmi jl) jlalia 6 - 5 
■u1>Hj SUaLail 7-5 

A& jZ*l\ jklLa 8-5 





iuipi eUll 

<111 in I ■~‘ l ■ *j ."j 11 


oimVsJV Oooai' 


: juJij : 1 - 5 

* * 

oLjjj—jJ! £-» oLc iLJ.1 ^ Ia-j 

c + 

aA£ jjJ -1 aJi . J^l . J ; -a a 7.11 !a& ujL— uJL&j . a.I.^aII 

baa t . L > jj liijjj t oL^>ui^)l 

A .w ^ jS' I a LI I Ob jA - — {jj£j CA-^« 0 L> 3^ I U W > "^ ^ O Ujj -^J i 

i LJLiJI . ^ ■.-* al _.. rti 1 ^piaJl « .>.tf aUAj^ ^ /~T ... *I A—-_j^_3 

« * 

A„._■ , '* ^^31 aL-1! Aj Ajl-J 4 | ^j^ffLal f ^ £JL> A I./) “I I j n C AA ^—■- - «^| -1 

liLLi i ^-j!jJI . jLfjS/l Lt?j.r" 2 ->j aL~JJ 4^3j>j A_;_?Ja-« jiLa-a 

Aw->L—lbs A i ■ L A—JLc ]L^ A-^j>L.-»I AwBL a. o jj-^j A-^LasaII ^ *J.OLjjdy^ I 
.pljll baa AjiLt» > a 8 >l jJLS*SlI Lfijj * (j**^LL( . oLjj5LJI 

j_^>w aJ! ‘ l:t :-..L -* : « ; : kll ^jjil ajIUlI ^_t5L ^jJLel 

. AijSLdl Aj^ji-lj AAajJ-l 

; ^Jx Y f J A mC 1 ( <1^ A ii JhL i ^I , 11 1 t J I ■ C '-A i--W —i ^|l IH 111 

* ft * « A 

a ^ ■ dl A —^ aA& __ r A-L"’ J - ^■ A■Qt ^*Ltal 

a->Lj^«j jJi * till a.^LI’ i ii !im **^4 . ^a J i aL l■ y\ 1 ■ ■■'? )I i, -sdLj 4 alluvium 

a... L ijJ I j La5sJ I t loess (tLJ I I^JLa> I 1 u< Ijj « juJl?JJ a . i. a^UL I 
V- \jJ\j * marine sands & clays h jU?^L JLa J>\ . dune sand 
. Lacustrine sands & clays L-aJJI. aj^-jkJ! 

-X165-1--- 




—-—■—-- - 

: 4aa.Ujyij 4 Ajjliiil i AuaLhaII : 2 - 5 

Crlil *>!l j *20 J I '"7 ." t ! j m ± S~ l«J t LJ i -»—>0 Ij-^J 

. iililiij^uJI oljIiji^cUl %90 Jl^ Jj f lk^lOoL^ 

. (1 - 5 JjjLstl Ji>^) . f*iT ii/li ^uu 65 - 25 uu oUUil C^xj 

(JS^' J I S.X^J 4—Jpj I I 

>*l wi y> . 9b 10 * Jit yJJIj jrfUl *>1 yi .%50 

« 

I L*j** I | ». j i ^ * %oO <>° 

CJl^ oLijliUI JLti . iiiiiill LJLajdl J*£. £>l;jj~uJ\ ijjLaJ 

0 * 4 Q 

£-dj e>£-JJI <^Jl 1I j*Xj . oLiUJI li>jl ^ ^5*1 j jA 10 U* 

. LaijJlxja oLjj-jJJ j yL) J-«d*^l ^| ijoLiJJ <~*jjAj 


* ^J*t Aj 3 Lflj JI } 4 ■ CjJI A^aL—XI Jl* A a > J^ 4i 

jJUJI J—c . a ,1 (2 tII jJL oLj-JJ iijSU! JUjjJI gjyj 

j ~.c U_Jlj SaU-l ^}L5j*ifl ya juu jjx jJL^La jd i (LljjJI»j—if) ajjIjJI 

f ■■* > J — - - A*»C I Llj 1 * AjoLlJIj ( w i o 11 AwJ U L a ^i 1 Ajl? . * A A*oJx2—If 

iJLJLaJV IjIjjJIj ^LJi jujj>Jl! jlS’jSfl oli jJlijJ! ji La> J * Dy*-* 
V ijjJki! JLsjJI j . ^j~&3 iJ?U_dJl Jx*J L^jli Lfr. dA ) £» L$£jLU 
iijLijj i__aLu*_a olj ll»Li..Vijl ,Jil j J-J ciUijj dLLl_j'l . «' 

Lljj Lt.. J? ^1 oUjIj . f!x^ (jjLJjJI !jS U iluLf 

£liJl ^ Jit fjb jJUjJJ J^-UI >> JUjJI 

I ^a j-LL^ oUtJLS (rja-i oli) iL?vi. -dll jUjJI . Lj_aliil)lj 

OjLLs »j^JLdJI dLaLhlli ‘—’Wrri^ i-a-cL ijl J Ld_j_d> 


y jl ys’I y jjl 6^ JJ lM iJ->IJI = > ti) l L4^^ 

ji^.^ • (1-5 J5LUD 





0 L 41 


J£i)l oli jJUjJI U . %47.64 - 25.95 Cro £jlyj i^L~. 

* 4 

jjL<* lA^ £jf<Lw«L^>a ^la* ;.l jUiwj ^1 jl (^la— oli) 

. LjjiJ %100 L^iJ 


Sample 

Orientation 

Type of 

Dominant 

Permeability, Porosity, Sped Tice 

References 

Number 

of Sample 

Sediment 

Size 

darcys per cent Yield 


1 

Vertical 

alluvium 

fine sand 

26.4 

51.1 

45.5 

26 

2 

horizontal 

alluvium 

fine sand 

25.3 

51.5 

45.8 

26 

3 

vertical 

alluvium 

fine sand 

16.5 

47.0 

39.9 

26 

4 

horizontal 

alluvium 

fine sand 

13.2 

45.7 

39.0 

26 

5 

vertical 

loess 

silt 

0.33 

49.3 

33.1 

26 

6 

horizontal 

loess 

silt 

0.22 

50.7 

34.7 

26 

7 

horizontal 

marine 

clay 

0.000016 

48.5 

3.6 

26 

8 

vertical 

marine 

medium sand 

38.5 

41.7 

38.3 

26 

9 

horizontal 

marine 

medium sand 

55.0 

40.2 

37.6 

26 

10 

... 

alluvium 

fine sand 

5.5 

52.2 


42 i 

11 


alluvium 

coarse sand 

189 

33.3 


42 

12 


alluvium 

gravel 

1130 

25.1 


42 

13 


artificial 

gravel 

43500 

38.0 


2 




(large than 38 mm) 




14 



clay 








(kaolinite) 

00015 

50.0 


2 

15 


... 

clay 








(montmorillonite) 

0.000015 

66.6 

... 

2 

16 

... 

dune sand 

medium sand 

28.0 

35.8 

34.5 

8 


Note : Samples 1 and 2,3 and 4 t 5 and 6, and 8 and 9 are paired samples from identical locations. 

b 4.1 i^t “ a •*—* L*kj ^—5 j L »y> ( X * 5 JSLU!) 






— —— -— — - ■ -- ■ — - — yjtiJI J*uJ! - 

<■ t. * * 

^ » ^3 -■> 1 ^ I’C ji I 4 J I I ji I {j i 

oli ^Ssj^ jJJ-I C-^ I JL.^L^II oL,t dUi JLl^ . jJlijJI 

* L 

&*—+!__^J I J Lo ji I , j t . jjJ I O I J !^J LL I ^JLjJxt I O LA»» 1 — O.a ( J-3 I 

*■ 

ya ja 5”! jjJI <.<.. .xIsJI yo ^L^JI U ” 6 V t r' J t_r^" 

li—t y'Jr! • £^ 0 ^ <y a~ 0 -^> (_r^ LT^* Jd^l 

J 2 _«—JjJl ( _ ? j a.. «. . .fall SiLjJI a _>_.,xi (jlLijJI Jax.il ^jLc Ldt-J 

Ju^j Ai LJjJI j»jjj L_i!^l y*—& A-_»-Lm2I ^jS !till Ja_*_a> . (2*5 <_}>—aJI) 

t t ? 

^-Ij *_a)Ix>I ca*_Ajj! Ai L^xjkli £3UJI c»L-Ij 3 jl pij * %5 L J^ y~l5 

cUi J^jJI £-6 A-oL-LI y3jj 1 _ r u-Jj obbj OA>j A3 Ail £jIaJ( ^ 

jJaII a^_aJ oH—II yuu j-ajw . jJUaJI jJ^vAij j*xaj> *—. >\j*. *aJI a?va 

c * < 

I Awi^^l a!I I A-JL-dJ—tiJIj ^... 1 ^ 11 ^JIj I (a^ ,+■^ 

jUNl A-^L^JI ^ j»I sa .a ^Jju . ^^^aJ-lj JLa^Jl ^ - i - > 

Jj oUJ.1 JSLi. ( _ J lc ^ ^1 oL^_J-l uu aJ^LaJI a5” J-\ yc. AjxUI 
j^il Aj — A. T .I I ,_pa^J OAxjj . Lf-aUaXj Ij ( j .f?l J j 1 Q-i-r’ j <L*->-Ja ^yLc 

r 

Ajo ^yj.. ■ JaJ I l^lSs-A C _ S J I OL-wJ-l 3 j-*JJ l ^ 1 j(-C j•* ^jaJI J O ,- ? JJ 

3 liJj dUJu J Lj L~zSi\ l glC .t ^yJI 3 jA«aJ uLjJ.1 3 Aa.Xj ( 2 - rr -> I n A J-? J I illjl 

j I aj^_j ■* > J( I I aLu^I aaa <~ > „ r .*V I - X ■ ^Ul ^ 3^< w J I 

JuJj i I yA jjyjj ^iLaXJI (ALL Lji ; 1111 3 Aa_ r JI Iaa X>y 

a.-c jJI a., > LAi v i I j ij iliJIj Aw_»LJLI Jjf . |»aS 200-100 ^yLc 

. JjUaJ.I j» UaX ; 1 j jJ Ajt^Jaj ^jAjISaJI Qjyj i^l^-JI A**l—*»> 

n I I A- j .J X .-I I I ^ajL^AJ! 3A->w 

^jic jJUaJI acLj dUi^ . AyaLJH oLcI^iJI yaJa »L1L dL-A I 




(3-5 jSLiJI) <1 iUJI o!i oL«L—J.I jLkil JuJu^ 

ol—J-l J>Ijj j (Sorting) Lai . 

. (4 - 5 JSLiJI ) Lfj-j j j^jil jiJI JJLii OL--J-I Caj 3^LL^ail 



Z5.9% 


Jl£-l5/l tAy . (jjUjJ jjlj ^Ua^'Vl ( 1-5 JSLiJI ) 

. jJtijl) s >jki —II ai L ^ll oLjjJJ UjJIj 4 .LJI 









- iuipf 0U> ^ 



11% 


Sorting ^ o^L^I gjUl -_w.t_II ^ j^-iJ! (4-5 JSLUI ) 

. U-.LJI) ^iUI J> oLLil 2^i Jii JlSLiS/i cJ- f ti tit oL-^JJ 

i*i-U ^ ,»xj A, * ***1 I 3 t. ^ ■ „? j->^j o* jJ 1 JS* 

^ oiljllj uUaJI . Li^ A.\.ti.-j> j^s. L^J £ j jJxo 
JjISjJI ^Jx LiUi ji L-ixl J-i (lj> 5-Jjl Ijx) oLjj— jJI 

(5 5 _l> j l ) < mrnm>jZ .i l B ^ lit) { Ci L . > A * * «^3 ) l ^ . ^"- V -' l .J . i ^ ■,* 

* ft 

- Ik « AI 4ujULa i < L» ,m ) I AjjLjjJ! .'jSl & >t_Zj jjl k^k..-'> 





JjOA Jl 


jjUL iiji! LiLij jli Jut <j\JaJI (jajj 

.CnjUj-JJI * i &JLJ1 LI . ( ’j^ 0^ I u*«5y 

i * * 

^ *• « •$•* ^rt- 6, L#^ 3 *-5iJ“V^ jjjt-aJI ^ ,_5^»')/l <CLU-J1 

. U -atlt j^t l$jl 1^-JaJ 



b~ I*? IJL>j)l wJ^tll (ji Jj> j)l oL . . > <_iLiJ < _ f d\ ol* Liu jl *iJti (5*5 J^wJI ) 

. <kldl tuoJ-l jji?LIL 





- <Udpl eU4i 0ta 


: River Valleys : 3 - 5 


: <U)Ult jaiLaiJI : 1-3-5 

jL^Vl jbjj ^ » J^»• (jjyiJi 4 uylall J jjj 

jlujjJI . 1.j Ac- oycJI j^Lcj Z^fe;;:* Lf) JL^LiSfl *il . 

OLoj—' jJI 4. lZ~rtl jl { j^‘ » j» (■$ ' -* MU 

* « 

.(6-5 JSwJI)jfJI ijjj *.I Z-^JL LfJISLil ^LA L ^s- 

* * 
J5Lij C-W3. J JUjJI £jUJ-l J^ail jjjJ (_ylil oU^JI <yL>f 

. j * .. 1 i ^ L-® 4»—- 4 j^> (^-J (j j^-JJ al. Zt 1 1 ZJ^-oh^ I I &j£ 

■x.- n j c - j^^jo oLj^-ij ^-^.3 (Point bav) .x ■ < , < ^ Lo L^l 

JlLc j IjI I {yi J- 4 JI ZJ j^-i- jjJ I OJj>4j C~-» *J I* IjjJ !j ^j-^ I 4_3lkju I 

<J_C jm l ji?Li_>u'^ (6-5 j_£l)l u-»JL?-,ll t—jLi-l jl 4,3 

jj-4 __*JLlJ *—vj l si" I tJ 3 Z_fcj—* Ijj^l 4_jJ_*AI IwjLLI jL>jji-l 

c)jj »ij-s^-a j*-c LJ5j - <~3^-A-l l-i* (_$■* ojj^j Cw-> j^J! ► Ij-J) 

j*J . t _ s JU»‘^l 9 ! jS^-A JjX CjlS” iL..^IOLilAJ>--Uo £0 <4_;3^_> Jjj^g <CjL>IJ 
OI*■ lol uLw-jjJ Lw^jjJJ oL^a-fl-^cJl 1 *JJ> J . : X 

^Sljja Jl I JUujij 6-X* yw** jJI OLJUjJ . ^jJI iLyi J L'^^3 

.£• U 1 ^ '^jJ I j-Ji-A ^—1 1 \ 4^^.y . 1 ^ A cJl2 • 1 I ^^3 ^3 > ^w*-l Lj^UL^ 

L^j .»■■%' Oj o .«fc« ul I Lj l«p.^Lii-flJ I * I J » 1 f 

3) ^ J 1 -Xi**^* 1 I I lAJ i V—^ j) I ^ < m J 

oLxi-^uil ptLJI laUI Jl j-fJJ a.. t. : .J?.11 i^wjLLI 

« 

l^J cU- t _ ? Lct ^1 CjL~J-I Z^cU jUa-JJI oLo^-j J^a; . Back Swamp 

oU'iL^-a*^! »Jtft O o. j . j-g-J! (y> jjJxi.il] ^jVl oLiLk*j^’l "%i Ujjc^ 

. Clay plugs uykll jIju-j Z-^UJi 




il - 


!* * * ~ ii •'j a—'J*^«J I aJL* Ju ii J15»Lft j ^ 1 jLf/M ^ Lo j ^J 

a I ^ i*. I 3 jm»_j_£" oLa^ J. I ji—£ j*^I ijj* jj j—*JI (j 11 'i - £ 11 

)jj> . a_*J?ULdl ilxel a_*_-ilj <L.a.J Jj-4—' uv iu-tUlj 

« * * * 

Jwl j I oLj^x ^JL ajijjr oLa-po* _•! ojjL oUS'l a_*J?IJL2l otjoJI 

* * 
. ajj^JLa jl a^ ,i:..>a ol_pj oli a^£lj aOj^j Jl>ol 

aj>LLa olcLLuJl jJLJI t_£/v o! j ^isl I i- - —o jt 

s-*A j j . a_>j»0» oLjj«^ 5” a_Jj*i!l .H » aJI gj a ,i.JI it iSjij I 

* ^ 

^ . > Ldl ^ ^ I _jj f ^dLi 0*1—.jJ I 

I 2j f ^3 JJ <—*l j m y Xj*} I C L*-W—*-W U 

. ijJuLjl ULua ^3 dLil lJ J*# ^3 ol j*Jc3\ j 

oLjj— j .< « ■ *-* j-^JI 7?* -^ 

^fJt p^li _^3 a Ut/j-1 jLajJI jl Lf ^sJ-\ {y> h . mi,; v-aJIaj oli (_£.J y« 

a.:-L.j-1 oLLJzL) d-a—Jl -LOT—*a . a_»_ill JOc. <j\iaJ!j ^t 

cr® IfLav <_^JI oLo^JI £_y (_,i£ a^c-Ulj 

i L , yj tj -i—--L. p - i ^i—*w_i_j a_J I a 11 i -1 i 1^11 . I p j . a^ -a a., tfij * L I 

. ^^Lc-Stl ^yi au»cL)l oL^-i-i oli iljll ^ Jaii iLii sjU ci-Lu 

. aoLiI aj j^xl I ilji.1 p- 1 ^ 200 (j-o j-S^la UJLi/ jLijJI sJ a ^J a^ j 

Ii * * 

,j£jC LgjL—aia> i^j aO-LL) # jj* 13 - 1 . LoJit ( a^U 

t a 

iijlxlt jljli j* j~*> pkx-» k_w l ^-y> tjij *Jlj (jJaJt-» U-'^! i J ^ 0^ 
XS. ; jL^j'SM piiJL-9 oLj-j iliJJ . ^-C-J—' c /»t-a-^jl A_*J 

^JT_J I a La O L_yOu*» t CJisiAJ jj I I L L ijJ I l&y Lfk I jA J I 

. a»j J.>L i I \j .,T.tJI J^> a. ^i i ? <-JI 











-—— ... ■. ——-— - .- ■ . _ ■ - 

: oiUJI: 2 - 3 - 5 

* 

V"I J-^> ^jp\j> J^> oU jj}\ ^ -bJjJ! Coj>1 

jC» LI 1 \Zj 1 OI ^ O Ljj ^^ I j tJLJU * 4j J 1 {_£_) L^l>> jjLoj 0^ 

• * 

sjlc iLoLL' liUx IL.11 jJL Li^JI ^LJ^lj ^^ill Ul . L jUJI ixjx 

iJx ^Jt h jUJI J^aJ ^>*^1 oL^^11 ^ jox*Ji J> 3 . JiVI Ju- 

• « 

1 LJI ^wLuk! SLiJI u&ju jmju ,jl ^jJxi • i < ~^^ (j A olx>» 

o!*LJI LjUJ! ^euu* (^Jju Lfl-.-i . ol-. ,>>j (j^JJ 
J>Li> , oI^LIjoMI *■ L ^ ^ Aj y LiJ I 

■uiLij Cj io sLwJJ dJLaLil L.:.^ \ oL^^jl oLslizj t &..*<3 . uw. i j pwJI 

,_jJJ ,J—aj oL SLL Jj->j jl.»« t 'Vj » 100 - 10 (ju £j\jSJ 

. y-jla 500 

• • • 

: jU3l( <UiUj[: 3 - 3 - 5 

ILJa/jjJU 50 - 10 ^ rj I yj jO^U ijju** i-4>bj[ ^Ss. 

• ^j-y^ A -^b (Jjl-v ^ <J_^Ldlj Ljj-ij uLj^jjJI > ya 

ii^JLa ^ ULJ j / j^JLc 2000 -100 yt> £j\yj < _yJi oL^LJ^I 
^,iii JlkJlj JJ*Vi j»Jk5 10 iiLo.* u siliJI oLsUa-J! j j£j L>-Uc Liajl 

. ( _ s lt ^j3 40 c f l a •«■. ; y* 

Lfe yjJj j$jl ^5sJ . yiJ.1 J-i j05U JlLJjJI LwvLo'yt ^ 

O J ^.l 1 , 1 ij 1 rh ) 1 -XmXJ ij Jj - ^ «A ^jaL^J i» ^ J'“ 

. jjJL-^JI jjjJ-l ua j3j i jO*^l ooLil yw—^La 
ji i>* |*-^ ^ Vj^ u* 2 *-* J**. ‘ 






j|j_La ■■>■ jJa3 j j l»Jki 5 iiLk_w |»-fcU • pb 0-8 ^1 j->- jits 

• CHj-*' >^bLi? (j-J* £*i j-ii ^ L- j l 1 j . 0.1 

LJL^/Vl Z_o_J jr!(7 - 5) JSLsJI ^y uull ,^^-JLt JU-*i-ly 
cL-JIj Zo--J.ll sJ y^-isJ Hydraulic conduetivity 

16000 jjib- __ j^Jlj trausmissirity l _JJJI Z— JL*LJ)I ^^Jb J-*a —£■ 

Confined »jj-a*-# yJI Ipybv ^1 ^jUJ-l CJtf lil . ^J -.^j/j^Hb 
j-y.* t.ll jJJwJ 4jli ijjJl ZiL-ll Jaju ^Js. pJuj 

- : 

1.22 Q 


trausmissivity ZJbJI i-LUJl = T 
-rJI <~k j~aJ = Q 
JlJ! ^y i-JjSfl &LJL! <y = S 
11IL1 ^j ;..— a ju 1 ^jS jJ)I jjL S Z ^ : .t jj_ jJj <-->w 

t t 

jl ^Sbj (^jJi Jl*j) ^LbUo.U «■ Ull ^_y-J JjCjua £j jj>j ^ylju/iM 

< y) S = 20 ft Coi?y Ijl . ,/M jTy-Jdll i _5_jJudl ^JjuJI ^lS jJll IJb j^5sj 

: (Q) Ajtjyll A-^*bJ*VI jli (JUI 




Oyy 1 jl 1 $JLjClJ y>wj jLVI b>bJl Jjj L-jyJ 13ujai\ tla 

• ft 

uUwX 4 (J -9 JxL-wdJ 'jj- ^ jLa jl ^jSb clJj £_aj . (_^^r>l 

<yu“t-3 jLI ^1 Z>UI yjjijj » jjJi - Ui-J ^^Jlc A--^?yJI <yj * jjA^uaJI 

« 

• b>' 









Sand siies 


Coarse Very coarse 


Median gram sue in millimeters 


. jl yjilj ^ys J^_JI i;iUij *-L »)\ oLJ.1 Ja-»yi» (jru ii^WI ( 7 • 5 ) 


: JUflpf oUll ^6 £jA*J! : 4-3-5 

ZJjjL*_a a_j>UJ l o!j jU iLJLc 5*1/ 

* • 

Uj t I A «■>U . <U<i IjJ I *im 11 A^«jli I \£j L?tl I O i J I Lj iji I 

ij\-J bj-y-JC>l j-y > <_$^ A_JL*JI A_«j*LJ^I Olj £ilj^> 

Olj aJjL?s-jo ( j J> Jj *if La j a £ jJ A .. (_y^| 






iljKjlj ^ ofe ** qj&s** a »■■■ It* 11 aLJJ oLj^ j 

ft 

j.t i i»lj J-«jJI oLLJ? ^>» cL 11 oij ZjJlJijJI jjL ~tu> <-j jj t i!s’L^» 

oLLwmJVI ,ji?Lxa ^ Cxi-*—4 ^> ji .XI j_^Sy . sU-IL x, ft —.—11 

ft 

4^L_£?i O^ifijl _ )L-,) f ^3 Qj 1 ^ ■i.Ii JJX 4—! 4 — i i_^ 4x>xJJ"l 

4 a. ^ 4 Jjljjvj 1/ jL^jVI jljij J-*j 4-*-i-w » 4 -jj—X j ^--C jlj—« J_*->■_> 

. 4~«-^ 


4_jj—^Jl oUJaJI <j\jj 4-ij>cJI 4j_^waJI O la. Jail 0^ 4L^UJI .11 ^1 

ft * * 

^Jo i w> Lc S.^3 «tiw .,4 JI 1 V ^■4-^3 *.&J 1 ^*.ft.J I ^3 4 j^«L*J i 4 *.l .^7 7.1! j^>£ 

U j L_^j VI l < .ip. g> oju? 

ijjy^ «** 11 1 OjH ^ 1 3^***^*^ J ^ 0*0 L-dJC-C d—■ 1 


jL^ JUJU* ji . (9-5 JiLjJlj 8 - 5 J£jJI Ji>V) . L*L^I ^JwJl 

» * 

^ fj-*i <_^l OL*-$il J>( j^ijil L^ljJI 

* _ 

-x*j . J-«JIj ^ i i L> .x (_jJ-tl ^l?LLxJ jIj^I ^ilj-a <j4-j«J C^S 

ft w 

J ^3 ^ \j *)i J £3 l^»4 £ * <> 11 wmJ ^ L> ^ ^ J a Jo 

. (9 - 5 JSLiJI ) SoJJdl ^LaL i£*il ^Lo^i 








North 10 wife* W«it of Kenui City, Kansas 



i -i 'S l _ r i'..~-. i Co<- i5 J lj ( 8 “ 5 i ell ) 

cy Lc. ^l&i iJjjji^ (JSLlH (_/ ("ilill) (jyjjil 

• A ^* 1 lSj^ O* J! JM l/-^ i * < —* 



( _ J lt A—liL—r olyJlr <>-J yjj-'j (9-5 j£a«JI ) 

. Jfn i_>b;l 

- 

- 180 - 

Vim ■ J 






ftUll 


I^1 JL r*~ ...Ji jjix ^JlJls jJj~> j -i>jJ 

i-9j ..tClI i—olj_> jl _jl > Luj»jfc c.<~..ujjJt jt-5* Iij - ijj-jjlf 

* — 

Uj ^Lil C^* ^ j L r J H oL> i-JLt Oj^> 3 jJ*j ,jli ‘ 

‘ Jj • ^jj-4-' 5 -*-f! ^y. a! u^{ j~~i 

<Lil jjy? lAj -i»J!-«-» jj£x iCj—< jL$J*i/! |»ia im J>*w 

* « 

jl LS . oLjj— jJ! ^ *j4*^ £®j-» uryj r 

* 

jjl / c « . *. ^ . 1 jj I I ^y alx jf & v » . ;_ —» ^ ^ 1 «.*jL?" 

<jJ| ty—£*•> <^1 cSj^ 1 cM • t5>-i ®j^! OJ^ 

. &\j)\ cs> J.U1I vjUl 


OUijJLxyl ^yLc Jj_^I>JJ ^wSL^odl jLIj |*lj«?t£—ll ,j£l 

^bj . ^LflSfl jloj (_j3 oLjy-^Jt £_yj eU—i ^ Urr^ J \y*- A ^-yr^j-yr 
i >-ix...±f yo .ya^jjJI jLI oLsjJuuo ft T ^y» lfr7,^.>l^yiJI ob 


^ ^ j- ^ t | ^ - '■ J I t L ^> ^ i J i ' r - f ^fli 11 j .SI ■ d *.l Ij I 

- ' * « 

LgJI ^yLc Sj^-SUI Juy£U-l ^jl t di -1 ■ <~*" a *_ i L-^v-j I ^ yLc Shale 

Aizjy<i) LjjAj lg-JI fjj£j )I (j5Lc ZJIjJjjl oULJ! oULl? 




iJL^SU! oUxUI L-l - 



J-*^1 . i-JSjJjJi JjiJI t _ 5 -L& Jjju Lai - LfJx J^ju. yj . UiS" Jii LgJjS" 


L y» Jt - - -•■> t ..-i 1) ^w3^A_l! (>JaJb 4 ..1 a ^11 jj__x_woJ1 *ij. . - . L I 

^jluu y jl ,j5Lc <Lj_>(>^ 3JI oLa_Ja)ij CjI—oj—kjJI ju ^^->*^1 Oli? I 


>h> tj\j y* ...a -n ijjjj—iaJI oLojUil ^3 .,. »Jl i olJjj-ll! 

* - y 

(_jjj-l *L->U ^ 4^jl.» tII i aJxjII jjdl oLa_izJI 


SjjLJI jj~* - fx) I ^ uLjjj-sj ^ sjLzjf ^JUJ 

» * 

jl JL«-2)I a'j .M_c i>jjUil ^yj oLijjjJI 4 ^- > ^ 

* 

. 1 3 jy* - 





— -— . -— - ■_ . .- ■ * - - ._ __ _ J-iill ___ 

* « 

U^d£*1?-* <_^| J*** 0^ JJ-b j'-'ijJ' 

jj * 

Ol>jjil . ( 10 - 5 jJ^ilJI) iS-..* a,.« OLj^vj Jjdji 

oL>joll >0* jj£j ji jLflSfl 

SjjU jlj_a VJ ( 

. (ii -5 -L^ji i 



. iA»oli c*LV jJI ^ ^LLi _^J * j> ( 10 ■ 5 iI&mJI ) 







Jjuk CJj£j £jJl» (jjrl * ( 11 “ 5 J^lJI) 

• i>“ j>V! y^U- 1 ^ Cr 4 -^ *fr*> 


:0LU <la^ : 5 - 3 - 5 

* Li* ~ m T —^ tj • jLfj'il ^l- 1 • ^ ^^7* A ( ^3 &. V *— *v ALJJ A■***» 1.<i■»■* J n J i 4»>i,fc^J*JI ^. i— 

iJiljJI (,#1* aJL^-H AjJuLJ! ^ eL-^jVI sLLI ^Ij < ijjlJjlzllil 

^tsj-lj ^jUll ,>0 j*iUll g^UL! j'rLrM i>°J 
jLjjJI »Ljll LJLo-J ^ <&*.£ • < _ # —J^J! (jiljJl; iL^dl iL_eyUl 

A A 

-u^LLI ^3 ^IjjIj LJ 1 *■ l lx ^ M 4^1 

C~_> oJL^-jdl oUVjJf Ja**j ^3 t JLill ^^LlJ - ^I^JI C5^J 

■O (^ ciJ Ljfc 4^*—I & 1—11 -»J? *.»a 0^ 4 jj^ul) I Jj^J 

j 1 4 m ^^3 * 4, “'* 4""^ 4 *«* * i t j 4 I «■ I> aJ L^sJ Ij Lc J-Sjl 

* 

d^ Sm t ^w—I &l»w» ^jL>uLI j^mLaJI ji ^L ol ^Lc L-m.^-m»^^ 1! ^i-o—^ 

^J- jJI jj—iJI jj-?* —I (j-4 A.,4 .7 <ll I C-J l iLJ I j f J ISsJ L 

• c«JIJJy;L£J*^tJ 

£ A 

3y*-d4*o AjjJu ^iiij j U i >w3 I dL^I I L< »x l& 

A A A A 

-XjA xJI ^3 . ZjjJdl ^4 -jNI oLya iL^Xj^ jjLxJ dLJLI &*+£■ jj J^VI {jA 

^ ^ ^ 4 1 i J ^ I 0 L_«lfl A. •m.C '^jJ L.aJ^_jSJ I OimX / { j^p Li-l I 









J&tJt __ 


( < *■ 

Laid) L^Xjil ,A>I . JyjJ! jj^-L iSj*^ (ji’La 

. (12 - 5 J£j-.) »Lil ^ 1 j : ;-~ ji-l o>l>ji ^ oLJujlJI 

* 

aLil ,j-a ftjJLoJI JJuJ jl j£jl J^ill 6Li iJUJI jL-i wril SjljJ.1 Ol>jJj 
.L-cL-aJI ^jjLlltj Lwj»Si! ^UU <y i£;iyU JiLdl Jt >\jii ILjllJII 

a £ 

L-£jj olj aLwo jl jJ li_.o-C. ajuil «Lolil jL*^l 

i » ^ « * 
t, . ,. . f? a^i., ^ 1 aLil a.Xft Jj&j ^S^La^l k 9 a « < 'Lo^o^il ^JjL*I ^a 

. dUj (jjj ajoIjJI oLo^ _J\ *-L-j Coj-»c jJ 

ji?Lil Ji ^yi aLi! i__tjJ L*~> ^a (L>ljJ t _yil aJi. j -> ji I ajy*—aJ! CL^JL 

^ya a_ i ra ,. ,fl,. > ii lj ^a jA. ^ .^ 4. J I a^LLc aL—aJJ 1 LLj— Aj 

^ . -»■ ^.. 11 C~^- uLi!'^-i I pjfcL oLi'j-Si I aJJ> 0 Jij . 

I oLlidJ 


. Ojji-I jjLi i-c?jll «Lj>*sfL oLjj_io jj! ^ LJllI jL^I &jij 

a * 1 Lo j-Z—t Lj_j L ajji * ; tjLi \j .\J 1 ^>-0 a _ _5L I I C* LwAjtlI * C-> l d.. /?! i 

jLLJI ^ (_ji>j aia L..C?^JU * L-_>-Sn y 

r-^ j JU y i CiU jLJJ L-wJ I fjmA Jj^i 

. I i i. Q i l 1 L y ^X 1 






1945 1946 1947 1946 

. e ^ i^Ul d^u? jS/i feLlI Sji ji- 1 i>^3 oLJLJc (12 • 5 ) 

: Valleys of Tectonic origin duaVl Cilj : 4 - 5 

; : 1-4-5 

* # t 

i£ j>j <yA A-J J —£>^1 oLS* ji -! ^1 C» yt£- ij-j-SJl jb J j}\ £f?jl 

c ( 

9.UaJ 4,_J-3jjj itL*_^> jLo^JI aifc 

* « * 

<y >J ( -r^'j O^f j-fr^ jJI ^ 114 !*■ ''Ti ■! i j LjjJl L$jd-i»1 

j-fj J -$—»j ^-L [ (^r 3 j-i tJt ‘ Ijl I < j J t Jj-f—J I ■ 

c>j-~*" ^ jbijJIS' 9.rr*^ 1 u^" ^ jr?"^ 

*i - j_ ^ i ft . ■ ' ■ ^ ^■3U n *iri IjJ I b I ! o 1 _m1 I y** 9 _-—*_S* ^ ,_b- 

*—> l^-> !j*-j 9 b t d«X£ ^w» Ju J—*J b . 4—._l?j S' I 9j .f. a 11 |p 1^ " 11 






j*u;i j*iii — 


« * 

J Ja~JO Jl sjJLaII ajLoJI elft alt-91 {y>j . i..£ii. : > Cj> J}0j 

• t5 i ,—11 

O’ l—.9-5* ^^9 a»j5l—1 f j l^ I da l—— j ‘Lf^ ^ tr i^ I j lj iJ I *_ J — C 
* * 

(j-a ^5j—>1 ^Ijl Jk-»j L-o-S' . ali.-ixll jL—dl t j-» ia^-a—ill aljl j^» ILjIa 

i IJ1 * jjSjJ_^J"l ^tJjLlJI {J*J“ filfc—dj . 4—Ok I J^”l {jj!y*i U; OLj^iJ 1 

jl JLc IjJL-LJ-I iljll l# i>j * £-tJl L^Jbtf ^1 jljll i ajlfjl . Lj-axJ! 

* « 

}J*& J—i ^J-^JI da— mJI jjL ^—j . r) o It 11 0*L—J^«ajl ^9 A —a ^l Jt-^l j_^^J 

5000 (ja jjiS I Jl jlojl Jl«j ^ jl JJj |»jJ 2000 oLjj—J l 

(*^->*^11 0*1—X jLoJI J. — 9 ^-9 ^w' j J_^”3 I I dl—II 4— — a-5^ 

- ~ J'-JI Cr* 

-UO*JI j-f)a-t (JiaJI ^iljl l—J 0 -a ..».jj) LJjjJiS" J 2a—J^l ^iljl 
lJJI IJL'j . J^_idiJI J-J/l oli 3 j_a— dJI jlojl <J aJjJLII jJL*il ja» 
jU—ad Jjd 4_J OLj_j— Jl £J 2 J aJUJI Jldl ajL^> |ffe« aa J l?L>va 
a I ^ . aX —1 jj-do 100 Jl J—sj jl J-Xj J-^l J* O —1 jj-d“ 

^ j^j J—s>l oli l g j>fe«.4 oLjj» 9 Jl ( j-9 |»jJs 25000 jjSI LJL> ^iljf 
j^-j. jj\ oli oLw ^—j j»jLs 3000 - 500 LfOj . ^Jl—aJI * U.L a—Oj 

a—-OJl iLlI OUIj> jil o' 9 0 >Ij kSj -^J ^J..JI Oj£ 9 _jL-9 £jb 

. 3ju>vdl oljJl (_y3 a_y^l 

aijj^JI ^jlaJI JjUj OJJ life Ja^jS/l ^iljl IjIaJI >til oUlkJ 
^JjIa^-aJJ a a kJ 1 OUj—JI (Jl l^-> J ^. X; < a3 J (_Jlj ^jlJI J 

« t 

(^jLJI ^-9 U‘ L> JL9 OLjj—J l sijs ^y> %90 (j»9 ^j5”l jl J.Jj . a ., — . Ji 

* * * 

{j lj j-- ■■■» i I JJ-C I LiSJ l_j j.L r .I I U ?1 

. ^0J1 Jol> Ji Cia^l a—?iix—Jl O^ JI>a>JI 





— — <Lwayi! 


: (U^Lw<iIj»<ujUiJf <U4 Um4I -2-4-5 

jL jjJ <jilj ,Jj Lc »L~-I A- oL-jj —ij !jOj l. rt.> 

. JxJ! j L> ijJ! ol-.-.,>— •* -1 <L«_cU iljl f hijJj »L „..-L 4.3 .’•?] i j L$j V! 

JsLsJal^l j-olij oli ijj3jdl -U-cLJI J-j: dU-iT 

■i 1 ■ aJJ 4i*aU-i dliUxJI (dliJ Ca j-.j Cj . L^-3__j- 3 -C-jjLi-l OLtuJaJI ojj 4 J? * <J 1^ 

c • 

Jil iailiJ 013 u^isJlj ^^-*11 oliliaJj 100 - 10 ^j-s £jloL ilil 

jjJ! %25 ^ I y> r^A )I jljll £*jl j£jj ■ 0.1 ^ 

. (13-5 J£JJ!) %40 J1 5JUL iJLx ^ . %06 

3000 - 300 ~> (jLoj-H ^j-s - o .. »H oL-«jj— i^1 ^ 

. ULij / ^Jli- 



.*^ii jU^JI ^ sLLI j_> ol■ * . 4 1 Is*-^OJl (13-5 JSLJI) 




— 1 i - — ■ - . - -—— i ■ " ■ J^Ui! - 

: jWJI £j§-i : 3 - 4 - 5 

^ t C 3 ——1 i ^ 1 mi i k i ^I i ; <" I k -Sp ^ - - fUJ 

ij Jjjjl . *Jl>j _S 1 ^u4l t _yic Gt A : fcl jj 3 w 

f J d »kf « n l f J iS^y Lj V^-ktl." > 1 ,-f-J ^ 1 tO ‘ MJ 5 J Lc 

JLkiSU LjUJ! jujLsi ^ jS\ isxt Jl 3j*!\ 

oLj— ; kll ijJL>- kJa->J ^3lj_a JbJj£ (_j-3 (4 *—~?j^jj^ y 4 M 

J—*-ajJ! I j£s Li” . £ik^JI ^ 2-Uj2}\ ^UJI £yOM! JjX^j (JjljJJ ij^iwaJI 

ojJ I j.-s- » c ^is_£j . ^ j !jJ I o A—jjj^J I oI jl>^J I L^-j 

. <L-^k^JI oljj^jj ijjjujl J^As- ^-a Cs.ii kj/kkJl 

wJ-'1 '^J> J ~ ■» a ^ k« ■> ^t-^- '.» > iZj( , • J ^ ^jJI kl 

ft 6 fi 

j^>-s—- Lq^-L^j J^Lill jl dUi {j* J-L^uu aJli ( LJjJI) oju>^I 

t ft » jS 

^-LsV! Ol_;jj_^JI CuLiT Ijl <L~.>Ll (jA . a.Jw.t>) j->j IjJuxJLa 

* « 

^-k~uJi j! J-L~_; djLj (^J__*_X—o) ,<-kj-~<a j_>_C Oli (^^li—*JI) 

^jkUIi xx£ <&£ (14-5 JikiJI) ^-k..JI ijA jt^jKj“il J-Jj J^jLiJI 

J* iJjLJI Lj-^aJ-lj A-J-a^1 ,jkUJll JzJzlpu J,j-a AjJuLJI oli 

£ 4 

jmyAU ^1 <_y^[ '-ir-aJt oL-ljJ . ^k*JI 

A ft 

^IjJl ^1 

Uij^A »j_^> j-*-fr) ka-^ail jaS. ^Ji ^LkJ-l ^jk ^1 a 

. (<lo-La 1I) a....,ji<ajJi CjUI^-aII (_£iljJf ^1 (f- 

^Jh4—*j ~ ■> : I a o La cA Ll c I I v»3 ^—<a! 1 ^ 5 ^ *4^ /_<*a 

.j-itjJI ^Jl t _ r -3_iU <Lj_JiJt jL-a_J 1 JiJ_j oLjj— J\ JuXuXj y~j ^Ss. 







t a j\j± (_j* <L»-»fl2.iJI L;,>jJ j-~. J«JI jJL*Jtl JL>i . _)! 

i_j j—j C«^ 0LLJ2J! ^yJI aXi^I! LjJJI J--2JI . 

« 

^ i. r^ J 1 I Ui' . ^ I o 1 Lj Lj^-j ) 1 t ^ J t 2 ^ L~Lj I ^i/IX 

o!jt>jJJ ^y..»:11 ^yJI oijLil LUjuJI 

• I ^ *-?■ a ^ *j v , j ^ a^-^j 

oLjj—/ jjl ^y 5 ^jJL-sJt ^yJ! J“® ■Cr° -^- l -*JI <JLfe I vJLi jjJu 

‘ y>\jjLlj ij-Li-l JJJ& (_yl| a^Lajdl 

. yj a Ji ^yic jiLxilj jj_X— d\ ^ _£2-11 J-*_i JjSlI 

Cry jb^j c^-> 5 _ rrt SUl jLi_cS?l ^yi Vt*J j>-uJ! ILs j^SL —j 

6 C 

JjU ji .Xa-jaT Jki « Lo—aJt oIaJzJI ji ^yLJ! J-oLuJI . Jaji-JaJI iLijjL ^li-JI 
^1 /**i l.xa> ■ I4LUJJ s jUJi olLiaJI JuLiJ ^.LaJI ^Jx 
jy*-~ J! ‘ <JJUJI . iiLiJl oliUaJI aJLc LaJLLc a_..^a? 

J^ylx Lij-»-*JI LiUJI JJlij liiJjUj pXaJI £U2~/ »ljlI LcJuiJI 
<oilLJI l yj* J.ta,—. ^JL-aJI ^ia— 1 il-U-L ^x. jiLnil 1 jjl^JI . ^J—aJ I 

. c^i 


f. *. 

Ja-u^dl ji Ljl—£=JI fjS t _ s iSvJ 1 iaa-Jl jl JL>j 

£ ^ £ t 

jl Ujo' ^1 i ^_^-o (j*a I Oi jj-o L L a) I * 1 j . I a 

jj-t A—^ LJ i O ^s—> a, -A..,. r211 j ,,yX ^ j->*i I i! jl 1 j A. X ■ la) I J j -.—<.! Ij o->-.C L-^j I 

oLuj-j jJI ^yj ^ l*_e iUu Jj-*-o tiUJuj a ; -Iaa jJI oLil .?n.* all 

* * 

(jVj ) I c I UJ L--JJ L^3 I . **Jjj I 40-Jjl I i 

j ^ I L^j li i^yj-^jJ i jl I ( LLJI c \j>% JLi-JI 

* £ 

^ (JLUI) SjuJI «. i^f-i-l >^^A-all oL.-.- L l ^yUl Li'JJ oii 

. iWxLJI OL-—J-! L^,~3 ij—J oL^j Ljj_- J\ CjI 





- — '■ " ■ - . - — - — .i - - i .. ... — - i — -■ 

* * 
jL'ifl Ll< 1 jjil ij}\ a_*> jjil ^ l ^s 

. a .ix .*jJ I « 

JaXw^J jJ ' ■ «i I I I.A Lvw 1 J i —U 5 * * . i- TV I o 1 .fcii > yl f 

. A^xia^JI Oj^kJI »Ju> #,t.) Liw 

oUjLJlIj oL-^>dl iijj A-jl j iili^JI ^ylc aAj» * j> ^ 

« 

0^. aJI *^1 aJJLa-*1I AjjjJlJI oULiaJI ^ <_jLi£JI ^Cj . IjJ _yjdl 

« 

* LwiJl olukil Ajji. IxJla AkLk oL»jLw ^lx J^aJ-l 

* «. * 

j^yfii sj-oAlil A..J^k)I <L» .Ja.ll jl . A^»l> olj * LwaJt ujt~ajj 

OLLj? i ajL«_i! Ola^UJI . ft-U-Aa £C<jlfl-a 

Ajh oLiUaJj < Aj j-SJ-il > ) J_lll < A^LTj_Ji p-aJ-l oljl.t «ijl t jl-a jjl 

oIj(jl><JI ajl£ ^ ^5sA.t..*i oLs*^_c j-a*j ^a)! oU-JaJI . ZILwjdl a-jLjJI 

4 A 

oliJaJi jji” ii jlcL-Jj oLLMJ aL?U)I ^jk»JI Jl5kil j 

* * 

Lj J- ^ ^ f -X-C I l.<w^ . aC- jl o 

oLL-kll ijxa juj . tlrJaJi oUi> Lj!J j^^Jlc aj^/ oL-jjj 

A * 

. aJ j^-^> I eLlI AfT^ * Lo—aJI 

- i^ 7 I k n . ~*^ -1 Aj-L^ ^y9 A a Ij r*m9 I A-X- L<-mj t koj ^ft .X 

i JjU.1 » cJjLJ! ^LaJjlj JuA^ ®Juli Lfj} *il| • 

A-ojUIl ^ oLijjkJI oli oUlLJIj * j^-xaJU ,J-ajJl 

L&aa^ 0^^ I (j* 0 cJir fij. UijJ^I^I>b 

. a+j L; I xj>j Ui! 



Steeply dipping contact 



j r — - c i ijC-LcJl c/y O^LS^-c C 14 * 5 J^wJl ) 

.AXJhXji l!-' Lo ^-»J J p Ljj j Ij j .,- : li ^ f? ... 1 1 1 *-A£- I 


: £>u£jf laUuul JSlio : 4 - 4 - 5 

,j-» 4^—Jl <_£iljJI Ol*ij-< ij <_5jljjj*ifl Jxi—Jai! 

oL^xJJI j. v .U . LgJ ilniaJlj ^>^-*11 oUi_J?j ^jLLil 

# / « 

(_y^ J-fl ijlj l•-;■>»' J-Jj J^a^Jij ( _ s ~*2-i-l J?Li_Jaji jl ^Jl Ijj^JLpeif 

4 . 

jt » (^^-l <C;-»fj (j- 4 - «-a_cUI p i; 1 oij iljll JpLi-Jajl <j£ j*>U 

c 

oLj y *jJI ,jl -iSjJ JauuiaJU ol Jjy 4-**»3^i.l of O jJ> 

4j I l _ 5 lc . itiJaJI ^LLxjI Jju VL> ylzj I iaJLi ^ ^1 c_j 

uxLJl oL-fc.. i -1 of j :ljll J? l «.. h i I jJLJI >l ~>« ■■'->! I l .... , J L> 

A * 

uLjj^j ^ ■ l ~3 — 1 4^jl . £j—“ J*f O^ jl (Jj-S JjOLyi s J 

>.« ; -.. u L-^J 4 . o - > Lll! uLjj^jJ Ij gj 1 -i?Li_Jaj I ^-C jy Li (_J i IjJ I 






----- ^laJI JtfaiJI - 

^Liwl Juu £J2 —II ( 3 jJ ^iJI i)lk» Jjj. jy> Ja>}UI 

* * 

Jjwxx J?j^J! jl oLLdl o>-Ojl jJj . jiJI j-»-i j-*j 

* bi.sjil i Jaia^u\ 

cLijj-tus 4_. ,'s>H I »LJU j ■ ^11 jJ>L* j-<> jujuJI tiJUfe 

^ ijLjl i^l >L* . 4-^i'j lyd&lj jLUIj »jmII oL.XJI 

^ ^i“ * 1 I ^ L A ^7 ' Aj ,ff ^,1 ^ I 1 ? < H I C 

jj\j£ jLLkll LIS’ jJ—s»l oia 6 y-fS” jlj3j lj* -kj--$JI 

. r Jj 15 

s Li I j o-^> . djuulj J5"L—a JI Iaa <>.«<.»». j jl 

twZj ..l A J> J ^J I ^ J II V—W M J Li lj * P j^ > S d^JmXj d.tm 1 

^ * . 

LLIJJ L»Jj ‘ (_£_;> I j s ^3 ju oL>j,Mtl I »:Ll ^jLOj j-jlULw 4jdx*»j Lac.Jj 

jL^jVI (ji »Lil jL^> Xs-J**J . Uxjl i~j\jZjjjlrl\ Jail^ji-l j*-/j 93 LI i r oy 

* 

*L ^jSLJjjX^I JLf ^ ^UkiVI uuj oJa* £~o; jl jSL ol^iJlj 
^ l j ~ ~ £ oLiUaJ Oj£ jl/VI O-JJ^jI lilj . I jJ&La L 3 jVI i? j-Js 
. k * -$T jy> ^ J?jO> jj 3 j j . 3 : o _» jl/VI oLiUx< jJu> jj-i -bj ; . $ 1J 

< ilLLJI 3 I.C 0 I J^ 4 > viUJu la Lj j L>jJ-*J L yJI oliiaJI 

^'Lil _pLj ji Li" . l_g_a_Ja^ ^Jl L oiLj illizJI ^f JjL ^jDI 

(jJLil L> J?^»$JI olSUsu O^ ji ^jil -U£ jl j^»£ (Jj>^l oL L ltj 

« « 

^Jai jt.Vj L^-aia^jj ^^Lil 4«-Oj I IiT JjO j\^ 

ijjJ-o ^yS jLS" j_jL)l l-iftj . ^ylLiL ^LaLLI 4-~ . j r >yi\ 0 *iLaj*^l 

i**Ja jVl 3 Lit iLo-<lj j£ |*>U l> /uo jlS” L-~> ^y ~ ■ » 

JS’Lil o^i. .^>1 jJu- o^ Ji? ji r ai 150 UiljJI ^LLU ^ 

»LJLI Lpu 9 ^iaj- ^yu-zj^L-JLi ox« (_y3 (^yJI 

« 

• llwlj ^wm.^9 jV I 




SU,( *fe) 


: ftUU : 5 - 4 - 5 

J_4?S/I oli«^SUI jlj j jJ! ^ sLil jl 

a ^ 

»L~-» <JL?ldl iilll sLil J->y jl . ^-Jl .^- : < >JI j-> ^ 

_ji Ju>_cSM jj-fl ^OLaSfl jljjj (j^a jl 

i £ £ 

jl Cnj> ,y * a_iLil! y?lJ^'il ^a A„.,la.>.j^J! * ^rh...Ji v-Jj-i 

Lg^Vjlj J^“ -h 9 ? 'iLiC S jr -5Lli jLijM 

<♦5"!jJ j Li f oj—<aJ I y£ . x-u 1 • o ■ ^ ^! o! j L^,£ L«a j I 

j^-*j ^iJI j #L-Jll jljjjJI jj*D J^L> ,jj> iili! oLJLI 

‘ * ( 

. ... 11 j^ ij) jxsj jl (j5Li »Lw» aj ! ijljl jlJxLs 

<«ZpJL * n,^ { * a ‘ ■*J^ <jwfl ■ JLI 1 ^ <a 

j l jilt - w »a *■—- i al . . .I \^ i ISnJ I t % -j i pin, i <i^l I ^ p i.) l^Ll I a ^ p*pp*«S* 

i j»^ ru JlS’ jj-JIL 200 - 50 (JLc »Lil sjjo <jj^~£ . »LII y 

( oUjjjSLjL jj.JJ>lj *j-> 250 - 100 i ^jiw»X».i<» j ^ - i lL * j-> 50 - 10 
»L_JLi sJl6 ^ julj^Jf L,—J Lai . oli-L, jj-JUL ►>> 300 - 50j 

* O^LtaJ^pP*^)! Lfl Cn ’t&jAJ f yXi l * l l JpA ■ T . ■' ^ 1 ^ ‘ 1j-^X .7 4S 

ijI 4 jj UI j-' t) I ,j-a o jJ I o»j L5^ W i 5LxJ Lj 

* f. 

1 y IJJI i I ^ i—3 yi-J 

^Svj ^y***Jwl Lj <■ 0 ^y 3 ^*3 i I 0 . ^ «Lj l aLoJ I 

i. 

^1 f 1 4 L — i I ^ 3 j l £ I S^-3j^7_l 1 0^.« JV 1 ■■! »>i ) I . L^Jm4 

^ ^ ^ya Jy^-wu; ^— y L5\-J I 3 I 3y> J ^ I . 1 j^-3*u^lI I ,j-o .T-»fy,11 

•Li^Llill J&\ yS ^}\c dj^Lj . L^JLuJ I 

l^‘ s ^-" cy 5 >^y L/y 1 ^3 .. <L-y li'j-J 1 i! I ( j-o 7 ^1. 1 1 O Lyj—^jJ I 

L-y^^^) ij Am^-i^+d4^ I - r^?J I ^jja <kJ* iiiloLu^JI) laJL^ oLy^aj'jJI 

. { iyjUl ^j;^11 d.flJL.n.11 

-- 




« MT 

I jLI f iJi> <iLC . ~a ^; ■ ■ i> i j 

. ^k- ^ Z-jjill »jUJI jkL* ^ c^J-JJ yla> 

. L^Sli J>i ^ olliJI will ^l ji v t5U J-iUll Juiul! 

. jlJI sLw* ^1 j>^i jl J^-^i Jk\ 

■ ■ ■ 

Coastal Plains AjlawUJl Jjf*-!! : 5 - 5 
1 j.^iljjl oLj^ij L$irtj t i. r ULJ 1 j .^il iiUxj» 

pJLfcii aj> ax Jj_^ 11 ' j ‘ ^ % # ^ jL.fc.iici u^Lfcj^ifc^S' v „ i ^ i t^i j 

<U jLxll lj_jJI ^jA JL»*5/I olL» ^Jajtu Olil> J5wJ ^jilf Lj^Xj 

■ fcfc 1 1 '*ZJ i o i £‘j * i j fc ifci j? ^I ij fc ^1 \j ^La—jt fcli 

oLjjj-fcj^11 ^t. o.tJj . AjjJlj ^z.t.j »ll <ui>LJt 
. dju^jJi Ijjpyjl oLJJ iiLbj Afcli?LfcJlj 
<■■ &* ■ ■* A,..!■, > ■ I, fcfc J i « .mil j I A A * ■ flii* It ) I jlA^^li ijA AjA—^JI 

oLfcjj-MjjJI a j . aLjLS" OL^mj jjJI LjJ» 4_Wj-C O Lfcjjfc—j 

JjUl ^ »j-jij uL-J" ^X jiull Ja*j jjj-iJlj laWI 

■ g^l 

■ ■ ■ 


: &14I £fil jolLai : 1 - 5 - 5 


-L-L-LJI Jj-fJI Cctf d-jtiljJI oLj^-j^I Ji »LJll £&{ ^La> j~L*j 

ij SLeJ £j\ jlojJ! OUjj-j j ^ ^^Lail *ilij L>j-»x iUl/ 
jr\Jajl oLsliaJ i/iLiJj jl i 100 1 Caj i- 9 y^s- #L_JJ IlaU-l oLslkJI 


• °- 01 Cj* J 5 * CK^'j 



- »u> $£a - 

Li Jj J> l-^ I IJJ L^Ji £■£ 4 «■■, J^yjJ | L*J ^ . *I^J I Lj\j (aJ i Jj 7 |1 i 

. %10 j-a Jif i-xUI jljllj %35 -15 {ja i-s-jj olS ij-iil ol^LI 

^1 200 lAj jSj ZjJlLJIj a_»_cLwoJI ^^1jLjIj jM <*- _ -> LzJl 
oL>Lj^l . Li^ a^—SJI 6^^ La ,jJu « ii-io / j^JLt 3000 
j^iUj -ui>LJI ji»Ld!j ^jlj'VI <*—jj»*i^J l oIj> jl\ iijJL jjfsJ 

olw CjLj^mi^I 

cjS Jl& L^j ifj> • oIjVjJI ^j 1> LJ I tl oLj^»«j 

aJl«j 4jI j-a <u_a.ilI uij'il aLJli oLJ? L. uj .> I jjLS"! dL.,.$(11 ^Jl> oIjlu») 

^L jj »L_JJ »jjljJ! 4 jjl» tJI 4_Jl_*JI jU^I oL^LjjI . 

U5u> jj^Mi ^*1^1 ^ fe * t & . .^ 7 I sLJJ 5—^j.l I I 

. IwJ l.. >0 Ul O l y . U l 


: DUX I <L&^1 12-5-5 

9L4 . (2-5 JjjJ-i) W J! U>Ul £jUJ.I <y 9 UI ^i M A - -d'^r 1 

: * ■ 

3OL^jI jjf £A iylJLJI il_jll ^laiiw olj 

<L_aJaJ( 1 (J j 1 u> j_j 1 i j-Jj jJi_rSfl ijb oUjJjSLiLJIj 

* * 

1000 jJiS'i ^L o j>i iCx» • Liil 1 ^*4 o^i>5vl I 

Uw> Ajai.?wa oLi £-4 £j-J iOliA.JL c oLII ^ I?■•■4 jj£j ^jJS 

* 

oLaJLmJI <jl 1 ^4^ . > ■ <Hj « ,*.+* il£JI i oldl.«^JI ^j.4 

* 

OU_y.l U>J JjLdJt L)}^- ^ J^J J-a CwiiL> 

« t 

. 4 .;. L11 j jL*II ja Vi ij->UI »jji ij—dJI oUj_i! ^ ■j-- ■■■ : ' «11j |»j.^—...K5L1I 

« - 

olilkjf L fJ 4jJuJf aL-1! ^4 4 _>jJ^iII 4 .■»■...kll iLJLI d >y J*S I Jut 

sLwa 4 LI I (j-* ^}ljJI alii sl> - iLx-ii)! 




yjaQ'SJI JtaAll 


jjjialI ZJLii »L1I oJLaiJULJI c%#-xi5l <^1 ^^-Jl 

4 '_ll ^ jj oULJI ^ oli L^SJj liU-JI 

.ioL^cVI 

(jJ iJliJ! iljil K*-aj£ {jA o jLil jJL5"Sfl A-jJa^VI sLil ^Joju X>y 

; 4 ?Lt > . 4_m1>LmJI ^ mill j 


{ja ollj» £y> ol jzi $&> . bLJJ Qr* o^jj^i *■* yx-rtA i-JLc IaXSu 

Oli J jL> alili-dl bLII jl olJjSvJLI pii* a J -■■ c- O^y—uJI 

. *JL»VI ^UtaVI »L-» ^ U* m.) 


^Fresh Water from 

Shallow Well near 

JMobile, Alabama 

(35) 

Sodium Bicarbo¬ 
nate Water from 

•‘700-Foot” Sand 

near New Orleans 

Louisiana (12) 

Brackish Sodium 

Chloride Water 

from a 749- Foot 

Well near Mobile, 
Alabama (35) 

Water from a 60-^ 
Foot Well Contam¬ 
inated with Sea 

Water in Mobile, 

Alabama (35) 

SiO, 

9.4 

36 

16 

5.5 

Fe 

0.1 

0.25 

0.4 

1.9 

Ca 

0.6 

2.0 

35 

159 

Mg 

0.2 

1.7 

19 

439 

Na 

2.5 

220 

1680 

3840 

K 

0.5 

2.2 

11 

136 

hco 3 

6.0 

385 

408 

427 

SO, 

2.5 

0.1 

6 

706 

Cl 

2.8 

131 

2630 

6760 

F 

Total 

0.0 

0.4 

0.8 

1.0 

^Solids 

27 

590 

4780 

13.000 

J 


»jiL :Ua*j J S iJL-LJI ^ i-JsjVl >L-JJ ^iji (2-5 ) 







- &U! - 

: Regions of Eolian Deposits jlaU» : 6 - 5 

: uLanjaJI gj• 1-6-5 

j-a Ijl J Lt JI JjI (j^L^I l ^ 'jJI) a-JI j-$3! J 

• * 

LjJ I dJu JlX * i^j*i « \^j L*i i jI <L» Jl» Jjt»I **i ^\ 

s'. * 

1 - C- jIj^jl J I ^J^a) f uijJ>- t L~JIj_5j I o j^jyS 

oIm j^dJ ^a ..t 4-1 ;L>vl <. «*.^i . a_JI lj_^JI uLw^-JL 

a-jv—^Ij kJLJi |JL*il Jlc. o yc .Jl iij_)w» cj£ 

ijJI OLjj—jJ! ^j-a JuJL»JI . jA j-1 3 J,,* ,n. .T.,1 1 

* * 

r - AJ JsS . ^LJI C «—jj aJLJLAL ^ 2jJ^j jl Aa^jay Lgjl Js. 

aJu^J l ^Li^JI j iJ-a J\ i JikJI a OacjJ ^1 aJ!j-$JI oLj^— J\ 

. 0.5 - 0.05 ^ L^j L-j ; j» l ^ <ds ,«.a (*-*-> £jlC a_j_> a J :,. ^ .a 

A j 

AjL-^O JjiiaJ! La! . 0.3 ^yJ I 0.1 ^JL Laj_.» C. LaiJ a-ujiaj 

< « * 

*if J A a Llisj I ^yAj oL*> ij'® (*■**■> 

jiS'i ! JjiaJI Jl>^j . i^-x5' L^dJJO- Ja~a__^a i_ab-kj Cy> A.Xa^Jf jLjSsJ! A....tj 

IgJ -ku-ji* J-aajj (O Lj^** jj I jX.a.A ) I Aik'^a a_» Ji Aj’^-J** 

* 

ia~u jS~a jJ—all a, a Ja * a jj-a jLyal #JLc JL*j j^Lcj < (Jb> 0.07 ^1 

. (JLa 0.009 Jl JikJtoL~> 

:0U,f gGIgaiLai: 2-6-5 

J ^*5"1 AnJL>tia a»j>jJj->jjJuLa aJujJI jLi$Jl <j1Ljc 

50-5 Ou ijaUJIj %40 - 35 i^LJI - aLJU^aUI i\J\^ 
i 5 L «..i <^ )I OL^^LxlI ^^ ^Ja—I^ 

. %38 - 30^ C jl^L^^!L^U;7lo! J[ 






»LJLI ^tilixi (j^JaH oL>j 5_JL_i^JI 

• 11 o L:£ J I ^_j m ‘ m '^ 

« « 
j! "VI i a-JUjJ! jL_i£Jl oL-jj —mj ^ i_i»w?lj a... .5 , Jail ^jLSII jl ^t.j 

<J jJ> *~J V , 4 Ltf*ilj ul^il ^ «> Ik-.-JI oUMI 

* 

i*—4j ij ^A i I jL*Ji£JI ^jl..z_> j,g m z.~.*.,~ jJ . i_J Lc J jl Li 

<■■ --. ~ jj < l^JI dlSvAzil |*xLJt ) _pj jJI jL*iM -Li-j > _ 

^ iL v — J . 1 i olilkJ! iy>j |»JL£j »iLiJI <lJ^ jJl jL_i5UJ £jj-^JI Jl 

--—1 j'■■ . .. ^ sJI ^ j i ■ M j U>b 4 j L.<.I 

iJUl < u . w JJ <LJ*)La <lJLj jJI jLi£JI ijlf'cji jU jjjl&JL& j*xj . jtia-^!)U 

. ZJl>OI iL jUjJIj i ijuJ.1 iLil i <LJL*JI ajjJcJI o^Jjw 
v-~i _.j LJLJI >jj) C _ S JLr . %55 - 40 ^ (JjiiaJI <u-aL-Lwi ^jlyj 

(J>*—5 ot£-_»Ii J5L-w fe.Tr^J jV^_*JI (jjLsj J-r- 0 

<j*oC-»u . Jiiall ^ caIsJI j^» si®j—Ju<aJ! oL*-k?Jl Aia~u!jj (<* >:,o ■ Jl) 
. ^U! JikU %1 5 {y> JiL %35 lftjljii_» i^s-y 3Lj>Ljl» j-iJi-i JiJJI 

^ La~ 3 ^y-'jli 10 4 (jJljJ- ^j>s | « ^cJ I ( j r < £~ujl Aji'iJ 

2 

• 10 1.0 

jljbjJlj olj-i-J-l jy^>j i a_jLJI jjSJ -1 iyjjjj » ijiJ .&-* Jl J-^-Ui! 

Jikli ijij-fcjJi ijiUJI . s J^s. 9uiUj JiiaJI 

^jLc 2j _^Jjdi L_Jji?Ull ^4 JuJLxJ! ^j3 . <U-4jVl h iliJI J-O 
0 UU 2 J oL jSjh-* jj£j . iiizJ-if jL^tS/f oli JikJl ^CUu? ay 

ft 

>jj$ IjiLaj j j£s**i (jJLJ3J L^j Ja^piil JjiaJI 0^ 

<= Ls—^ iJ j-j-*ll j-JI , jj& ji Lf* ^ V -r 

ft 

. d^■■isl I I^11 4-o-» oL^a 





_ (LJafil aLU - 

4 . 

aLuJJ J-«L> £j-l> J-iiaJI oj$H jl Cr* 

oLc pjj *;li LiUJI ^L Ujl^c JiLJI jjf jj ZJaiki! -cjiLLI 

. Vll 4 y»tL-ji iJj-jJi l~> s-Jlji ^uSn ^ 

« * . * 

a ...a jl> jL! ji_> ij£-$ ■bbi j! * Lw? vjjJ ,3 j-$ Jikl ^Sj lit 

. LjjJaJi LLL-I ol ^3 * LlI:..^ b tju> 


: &Ua 11 Ajc^j: 3 * 6 - 5 

L . ...J ZJl»Lj a jiL*_a ULiJI a—L»iJI jLj^JI ^ Ji*-a <^SjSJ 

JjJjlj { jA\ i_JL-»_3JI s LI 1 0 kj_> ^3 L;.. ip j.y^Jc *^i ^ .. j ^ LUjjj 
sA-j>- ji cj! j ^lJU_ pi jLi^Ji oLi! LlljJ Ajx-y S -Sj . tj—j 

'j v il vLI I Li . L-jL <l*o ijJ! sLJ. ( Lj_Ji ^LVI«L«~. n b 

aLli I_JLw«—i-S” jLJ i~.. » i. i j^-Sl OJ^ cJ (j ^- r r 5 J-*kl 

LJjLdf LJjUJI ji u\k)l ^ oL-ai” e^ij iiLk L^Ji olilk! 

OU jjj LT ,j-o l. aoL-olsjlj < A..L i jjiljdl a>j_9jJ < a_JL<JI 

. ^Uzj (JjJaJI A.l.a.l.T.l 1 .I 


: Glaciated Terrain -^laJL aUaLali ^jlaUki : 7 - 5 

: L^u/I jfJI : 1 - 7 - 5 

jLi j*i/l Li t jJLi-L j^ykL ^j*i/i ^»a %30 ^15" jj-^* J~i 

j-*z jLLil jJLj . jlJJ-U ^ykL .Lai %10 

LjuU-I oL^-L-I JVLr • j^L-kb Juii-b alkiii 

a 1 r'* . " 1 1 j —i * j^“ ^ * i 







j»Uail l jJ> 9 J • ■ f ol jt i' ^yLLl_) . A _ -'*»■ *11 $ .li l t <xL«J_y-ai jj 

Ol^l3 iljLXsl ^jJx AJjjju Jjo Xaaa^X jl . LjJJ.! jlaLII oL»U <-J ji jJjLI 
« 

jL « .. i> j,a.~ -,, T,1 CJl La- c LJI jljll ^1?«.a . Aj^Jbl-t oUU-1 <xiL > 

« * 

. Jjg^.U LjjlJI y> LLe»Ldl JjLbJl oLj^—j c ^ix jl olkxJU 

* 

5^1 L-3 l , tf |i < f 17 | 1 1 Xj ij ^ t Aj JtJbt -1 O I ! +■ ■ M 9 I (J I 

LfjLLI »LII J-J yo LJL> 4 <» OLj y*jj (till) jjfij xJbLI ( j^» 

A 

. {Lf-cl^jlj Lf*>>v> *---.-> A-iiikll ^1 jl_^ll J_)£ L-* x LXa zllj 

^ LxyJI oliU-l yix*xJ i-oLs ilj_4 ^1 LJL# Lixail p-xLrj 

/ * 

1 h i - i > Luju ^ l^#j < jlJLkU ^ 1 * «A—JjLI 

c __ 

. xJLLI (jl-iji a_^LJI at— ~il 4 rt ■ *I^j 

. Outwash I»oLj^-^JI 

* J3x xJQJI JL-JbM XjJL-JlM itjil ^|>—9 Lwj-j 

• • 

^^-»w^xlt i 1^11 ^ i« < > • ^ XJJ xL li ol ^$ * <x Ix^L—J 1 

* « 

(ai.l « Z »» (jix cXXwaxll Lxij xJjLl y* i j-iLx 

. 9 y Ljii ! JXs^U- L; 

iJiSsJrui 4-x*......*J ^l_jj! LfJLi xJLkU i—wOUl oLjj—> j )I L«l 

* 

a!iL>U jl j^jLc Ol yy^J\j <xl,^ii *jll ^ jjdl cfdillj jjjj-iJI j-* £jl 

alxlil ,_£jU>tU J^L> IwwnjXJ J-Z+S J-. 'I J* • 4 , 1 , Ml > Xx>*A> ^jlj xj- j -1 

AJU^Ij Ju*jl jC>yj]ff JtX-il • <—^l-Dl ih*n\y/ 

i ^yJ JxM*l ixIjjj LsXX . JUL?JJ 4...,,a*)LLi OLy-1^jl ixLa5”l y ya I 

^■>111 ^jjdl <-y> y\jjj . *~>\j> jbx»l ^ j-Uzi-i 

Lai?:.'~J J>\J> jj£sj cliJLj 4jL>lill OU*i_p*ilj XlljLv^jVLi 9 yL> xi?JJ 





__ A-apI ftLXI i^~Y) 

6. . i. 1 ^ I Ij^JJ ft j • a .-T! | La^JKvJ I Ij-J j I 5 * ijJ I ^5*tj^ ^I^ 

^a»m bj^i—0 AjL^IiJI ft ^ j > jj^Aij Jl JJ I jljj.5 AILC .*</1 jAHj JuJbjvU 
L* Ji") ^a-UI f OJ.I ^\j ^ '^SJ I oUjjJI j^Tj . Kam p-SUI 
OjJaJIj J-»jJIj j-.aJ.lj jftwaJI -L-a^Aa* Jft.tT il j_a ^a <UJ-JjLI £oLL<aJI aJ j£- 

^ (jj-y 1 ji\ jlJJ-I oliL> j I Jl—-»I < _ j5 JLc (jJ!_ oLjL-JIj 

Jj£J LLij ^ 'ftjL-t J'^LJI ft Aft ,jiaJU jj£j u> j£-£ L«J>* • ^aljJl 

. iLjjcJSj i_iijJI JaII jjJ cj?^jaIIj jJj>JJ l.-. j^ll oLoj-a_^J! a-5" 
JISLiVI ^ fj-_J jJLS'SM Jl5LiVl ^ Eskers Lf ^ i L* U 

| jA ftjL-t L gb j . JL-JjpJJ <4— o^Ai 1 uL j— ._pi f yA aJ j^lil A a L? ?rl I 

<o jui> b*4 ^ ^ ~^J 1 j} I ^jZj dJu jpl? <Zj b b* 

. ^juLLI ^Jl jj)? oj^"* ^ j ft ^ 

2-7-5 

^-Ul aJ^I bj_*J l/* C5^ *ii*.- ^l.tJ I ij 4 j JwJjL 1 o Lo^«fc>/^J I 

l j: * dtw3 rj \ . SiLiJ j*y£ aJl*j£ oL^ui J I d jjb ^j.4 Jjjkj Lgl? I«. ^ 11 ^Lc 

a_jjJ I fUA—aJj^l Oj L-ojy^jJ i ^y3 Ljl) I ujL^o l mt ul 1 A-> j)->j) • %45 ~ 25 crv 

aj:I—«_; . Lf-'jta 10' 2 x 5 ^yll 10" 5 x 1.7 ou ju jl_LJI . ijrUaJL; 

^ jsSl J[ Ujj dUi j-. >i a_JlJ-I jtUI ,> LjuUI oLaj-^)I 

• L^j' 5 1-0 

d«LC ^ fl*.i^U j^X 4 jJL-J ut "I uLj^i jJ 1 ^jLju 

L^Lji J I ^4 iAC ^ l^j I l 

J\ { jji l^L-4 I jbVI pJix4j . oLuj-^j jJI oJa ^ oj-iL-o 

* 

jJI cjc jl ^4 L ^fcL.^ a ^4c ^ I <u-L^Jb* 1 




j»«laJt Jiaijr 


jL JjJI ^ J^l j-° i-J-tj • O ^)l J L j jn ■ # j;< f*TH 

, jJ^^jJl 4 ■ mi^I 4jJU.Lt I OLu_y-.jJI L^ftLys 

Ice - contactdepositi jlJuJJ l ... jjlll oLj,— J\ »Lil J*j>- ^Laj- 
jL^/l . ^-jti j ^ (jJI cjy j\kJI ^ ^1 Jir uy> 

»JL& jf l J ■ ■ . J l <*-j ■ --i jS\ JlJLtJJ 4 ■■ 11 jl^ll 

. >1 ^jj_oJI cJj-jsJI £ji j^i^j l-£ L«_9l 4_.<i a >ULa oL-jj— «jj! 

100-10 ^ ju_tjj L^j ^j> iLia / jjJU- 2000 - 200 jj> oL>Ul 
^L-ail . Lijj*JJ uLy -.^2 iijJL* 1>j-~e> fJJ J5J LL-Ja / j_JLc 
jLjaJLI <jJJu £j> aJjl n. ~.4 <Lsi^ywjJ I Lj_JJ-l OL-jj-jjJJ 4_y>jJj_yvjj i ■ gl l 
jL.2l«A)l Jj g .» oLy^yjj JjJu . 4 j^jJ! jLa^yJ! Wo~“^j ^jS 

LjlJJ-1 ^~£JI 5>jj JUJi (iL»-J! ola i-tUI 

. LaL>.z,& > ^l oL-j_yy^JI Za^uJI 


.*3-7-5 

jl tj&-£ 4jJuJLtl jltUI ■U y j r’ jSn &LJI 4,..., t ::J I jJJjLJLI JjJj£ 

100.000 ^jic U j^s. jujj V ( ^ # dl LjlJjU oLj_^jJU * W»—^ 

oLy_yjJI «jj» j_y£j E>jl& . Ll« 

^SLc fj_yC j-L^Sfl Lyilj-i^^kJI JlSLiSll ^ jlojJI jii oj^-* ZjjjJ-i 
Jajlj-ilj 4 j_yjtl 1 >J ,r.l ...X 4 j. lJ.LJ 1 » > JI (JjJJIj L^iiyli^j 

L^k-JI (JLxJJ j^-jJI jj^jJI (15-5 J5LJI) Lyil^^Jl 

oLwiJI . Eskers ol. L_*_*s> ^jLlJ-l jj.JLsi jl LLi 
iLJi£ilj>4 ^ j^uu- Kames Terracy j*^JI ol>jJuaj .Kames 

jl>jj jl j^-£ liUjbj 1-L^ "Vlji-a Uj. si 11 lOajj 4_*>1uJI i_3j«j 




<u«dj?r oL4t L *$1%* fti) 


JlJLhJJ 1 jJI ftn^ £> LI Lj I Pt tf ^ ^pJj 

A 

j_£JcJli I ^JJI 6 jZ O*^/ La JT - > *</1 j^"Ljj ^jLii I I 0«Lfe 

o>J jL II ^ iij ‘**j ' '*** Out wash ojI ■ ^ 1 j ^t 

* * 

jl«Ltt U >jj jl JC Li" . I Ajj? waJ! OU.hlt ^A—bj aJjijll 

^jlJJ-I f[SJ\ Water Sorted Cjl* ii^A\ jlJl ^j^r> o-® »j-~£ 

jujuJI jli LJIS" 5^ ZjJJu JLfcj CL-lj ^jlJJ. 1 ^1 jtf Ijl . ^1 

. «Lfc$j» aJL>v4 jTjLi?- jl 0^ »iUJI aljl aJjja.il «_>^J-l aid {jj* 

a*olyj (Till) a, a; i^U Ljl JJ-1 oLj^iJ l ji 

iJ^j j J-JL?dJ J>X)I |»JlajJI £/> ZjJlJLLI oLiU-l £>!_y J"!>L> CJJsJ 

f>j . a a- .^all j-y£- oLjj-wJ j jyi I_juuhIj a .^> ilry ajj»I.L~ a oLj^ijJI 
a a«.^>11 daI a^d a*j i^LaJ 1 aj .o i-I t - mijU a—-I^J 1 ^JudJ 
a . »> a I a_y ^ 11 ^jA aJ jj_*i i I ^ja ^ ■ ri a I 1 ii i ,> ^«» • L^j li 

ft 

ol lW Jl £li?y aJli ajj>-^3-j.i oljlLlI sid i^a-15’j J-—^ JiJj • xJ->W 

<— * 

j-yS. uLjj— 1 JI l jA—jp J LI j I a_J IjJ-^-9^—> ^ Lc_oj a^j! Il^— a a jb U? 

. aiv-ol! 

t U-ad I ^ *^S 1 p j-iI ^l ■ -fc U*^wdj> I *■— 1 J^—u.^>J o fit^*Lod 1 

Cali jLijJI Xc |J J*Us“^l JiA; J ajJ-JLlI J?LJLI ^jL-i_i-l 

{i • a 

(J . LLui icj-ill jdajJI Jfi J-Xi aJjjJ-l jM dLlJb, 

» « 

icaiJ i ^ fl« r^l I j ■»'—C- Ju*J> Jp I OL-^jj^yJ! Jj^ ,m< ^j£Uu 4 ^j-^l ^^L-dl 

* * ^ 

1 ■ — . Cj pjLa-^ I cJ jSj j I A . ^ ^ ^ILjiwO 4j^_3 jL-o 

• • 

C1 a^,.. JI ofS -0*oLi-1 4-u^-^ ^Ji ^ &* ^^<a JU-CjJ tj . j>* 

r LLll olj^l Jx 5UJI > J\j ja r Jii 50 ^ JL^VI 

. <LoliJ JjS/l ^jlJlJ-I 












fit dU4f 


i ^JULzJ I ol-^lj I -i? j ^ ^7 ^ i I (j£^ 1*1 I 

• A 

oLt . ijj* I u* o! j^J o j^cii jl jtLil ya JjJuJI jiliJ 

. iij-J! iLLU! Jl ^i.Ji j-fJi »lyi iuxU! jJI^jJI *-.—j~r l» 

* * 

oL^f_>JI <y Teays y; yJ ^plj y Zijyll ii-i-JLi-l jlo>)l ^»l cr~>\ cy* 

JL^ jtf^-UI 06-5 JSLsJI) U*dLI 

» * 

J-y* 1-5 _*>IajI uy ^ (»fy*^) j-fJI .jolj t U y»yi ^L. . ^ib>jl jpJI 

. a) Z,rt->L£L1 Jl Z_JL«JI c y»lj'il <-jj .... a £*£• r Jj 300 - 200 jfjuxj 

Jj I f«i* <j* * jil <y oO*^J CriaJI jlSj 

diLcj ojJi jj ^l^jl ^jA * 11* • |»JsJ 264 oj I jH» i^I o >* 

• iJU £jti> Crtj&l U 
• « 

■> ijj* d^-O cj -1 ^3 J—6I sLJlI ^.c 

jUj t J?»*JI JaJa^cJl Caj 4-SjLiil 

» 

Jj 5 JjLs fj 3 _ ry £- j£j |*J IXoj _*r*JI -UJxicJI jl ii . ijajxJdl 

Z^.lJi> J’itj j-» OjJl> Zj«ui> oLjj-ij : dUj Jli# . yX^£u> oj^i -*"* 
4 -.->jL» aJL1> ZjJlJLU <Ljj^jJI 3 Ijll jj£j jl j^Jl * oLLJ? 0 I 3 

-Xj -!■> * — T _J I 7 » ii 1 1 j y>^ I f - —^ - • — ■ 11 j L>-_11 j 13 <^U JJ !■■ «,«i4*i> 4j5-*jL>" 

ft « * 

jl * (,£^>1 j«9 . LfU |JjU? jl A. U U j_j^7 Lcj ^*j1 

yvjJ<u.lj c dLI oUjiJI 1 Zjyjdl jUo_jJf ^IjJjJI 
^Ul J-ajJL *jLt ^3|>ll jLS” I 3 I L*--J jjj-i-J ljjjj-^> j Z-ZkuJJ 


« « 

i V 1 I C J^m£ djt\ j\ ( UuriUa J *-£■ j^_ L. ^,l M > 'j 

aA^jll j_^JL«« jyi>-flJf _^IjI • sL«-cJJ J-»L> L-w^iLl-a jj^j 

1 IjLL*j Ui^5 "3 Li3" 1 jii-l aZIS" « <Lw<Uil ^-jLU-l 3 oLlV Z.i..->jil 

< * * 
juj (15 - 5) J>-iJI . Jji? i-JLcI j-» olj-« Zjuu 

. ZjjlLLI y <Lw?jS?l pLyJLI «u^Lll jjJ^LlI 





___ 



- s^jUili ob'i_yJlj jjUji ^ (ikilll J»jiti-i) <_i jhoJI ^aj otjL^a (16*5 J£~l)i ) 

• J-o^l ly-'Vl JaiU yj»»^JU-l j^Ujt j$j _jL~j 

: aU&Ii AjCjj ; 4 * 7 * 5 

liaj ? - > j Zf ZJLajJl j^-\ OJI* oi—j)i L ^ 3 4 ,«.^ oLii 

l.„j..^ l j . * * oL*iL5" LfijJLt . s 4--> 

iJlJJI il_^il ji »L1I # «i* L>i* * * iL . a . J I -Uli-I jJI 

eUll C-JL5" lil L-aj IJLfcj . J L> » i ~ ..»^AJ j*_C I^j! (_#***^ ^ 

. U-Lo AjjflyJI I ja <^l l*Ja L)i iu_ajSf! 

4 _ a ijil.fr Lj^'VI ^jA Lula ZJl> ajJlJjM oL*j j}\ ^ja I &L*il 

o * 4 

4jJlJuM ^3 ajL^A* JuJuJI -X>uio o* 

ijJuJI fiL^Il jl oULiJI {j* i+Jj iJUv-i? jL/^l l)j^ 







Ltj i_JL»JI ajoLU) ol j CjuA> i_sjj'vJU jt . Lfj jS ^ill 

. S ju j u OtiLwa ^1 \ « L>^l jLj «^-k?...T 


: Regions of Miscellaneous Deposits uUju jjl ^iaUo : 8 - 5 

* 

■«■**> I jJI ^IjjI LS"* jj.uiL ' J 

^ ^ jL^uLj Lc^^wi jJL^i I ^IjjSfl ^i ^5L (^50 . jUxi 

Lj w > oyd)! jl . LLLJI olyiiJI ^ 

* A 

j LaXx- . ^^->1 oL^j o*^ L^»Ju ^Jl^I L1L> 

| »- j >u> ^j*L*yl ^Ax- ***^ c \Zj U* kJ I 

. oLil 

^ ^-J > ujp ^oLij oLi^jjVI ^Ua> jj5w j) ^j5Lc 

I-Aj ^^3 »i M£ , T . [ I i 1^,11 

diUll oLfiJ J( JJX Jc>jj ^ jJL fr 

« 

ji ^ . Cu* i-JLc. LiliJ oli JaiL—dl y»-J ~I j^S ji L *S 

wi-1 <j*a 4.0.1I OljJuOll ^JoJu . ol^oSlI ^ OtO> »JLC j-m^JI ILft ^ «_ 

* 

iji-iJ J^Lyo <uXoj-1 jLojJI <L*uJj * ljp-1 j-JusaJI JaiL^ll! 

^|*>* I jJ i »,**.JI Jl*J I 9 l-*Jl 1 $" ^) I • I I ft 1 i->U ^ ‘i ^ A 

* « ^ 
i-»-«L> ^ Oj^>I ( _^J 1 ojL>i_JI Ojlil jij . ^ji^Lil sjjs J-0» ^ Cali <sd-J3 

j*iaJOs Jjjco i r ~y yJ «Lil5* Jaii |*U 0.2 d Lj ^J3L» 

( 1 _ y» . » JI lii *lCJj ) A^lOl sC~« (jlj t i .^^Oil jj«A 

O Lc I jjj I ^j3 i IjJ I S Li I . 4-*i>cJ I JJ-X -^il | jPO .Ul JiU; Jl 

. waJI oLukU <ui5LI >*j^--ll <wJ?jj Vj o^^JI 





y* tj_yi oLc Ol ^^u JI jl Olia~x-li L^j y^J [J?\jJJ\ OliU- 

* " * 

(jLjj-jJI jjL ' <jJL*_3 aj.jl».JIj L*.Jj oliLi-l tjj &j . Cl> oLJu 

‘L j 'J ? LiJI olaUU . ^Jj-dl JLw*-x**'sf( ^loL^ «L-a »JLa a_ji?LjJI 

* 

*Ij a^-*ibLJLa 5 i^jkJI jl <oJLA»! {j XajIjJI 

* * 

^ 0 rtlj.»ll ol j-jkJIj k?j* JL^ jJaLll j»u 

. jJUtl c^fi 4-JU-LJl Jj^mJI tjjs JjJLaJI 






ou)W\ dxMill 



cijlxttl (jjbLU ^UtajVIdLdl 


Ground water in elimatic Extremes 


1-6 

AjjUjImVI ^Uii laSluull ^lalld 2-6 
AitaJI JjlaUAii ^ Aj«ajVl sUaII 3 - 6 
£j U a . Il (j<ajU<ai, 1-3-6 

Ji\ »UaI) AjJUu 2-3-6 

<Uua J$\ &UaJ 1 SjjJ 3-3-6 

oUaII AjC-jj 4-3-6 


AausjVI oUaII 5-3-6 






^iaUo <Uapi out oaiWl\ tM\j 

*» 

: fu.& : 1 - 6 

JxjL-JI jJJj . ZjuJj 9 jj-&{ ^jVl jjLc iji-Ldl oLijiuJI Jb^jJ 

»jj* ^C- . -C-u ZIL» ^jJI J—a7 jJ oi jlil Ajj\ ^9uJI jJsULI ^ 

« « * 

0* Js-» ^ jji Js^Lu*^ a ^ l^j l jtm 

^Lil 0 J 2 JI jI?L^ . gJl 0.1 U ^1 jkldl <y 

430 ^L JjJj Uj ^1?LL! ^9 ^ « ri i ii i ii l i - I^ i 9 1 >**, 7 ) I ij juAMd ^f -iw^ 

£j!^z; . LJxLi ^ ^’Vl j-fi jJ-1 L^ 

JUL ^ Li 136 J\ ^1 *JuM <y Li - 125 J\j> ^ iU-JI ^1 

o * * 

^ ■-* - 10 ^ Jil ^ Sjl>^l oL^j^J ♦ UJj^Jl 

. <LL»il ijjijll ^kLil ^ L 80 j> ^1 l£—z$jLil ^a * h>l 
jl*a lL! j-s Jl a w , ~ .*! SjjJillj ZjjI jjL I oLi^LJ( c^JiaXT *2 

l j£- LjL-JjLjl Ol JiJIj j\SsS^3 4.. ; - > La O^LjUU |»jl ,7 ...«. J L$Ji Vi »JuJu> 

9Li I OljfjLxjl jljL — aj < A..fc-a9 | jSfl 9 Li! L-i-Ju A_j— a_£j £Uj* 

. d... c jJI 4Jujj 9 LI! ^TLIj * Lfl ^JLli! ajj!j <> t* *.1 ^ i ^Edicnts 


■ ■ 


: LlLjIluV! ^llxU LaLul! <jlalLa : 2 - 6 
^jlsLil iJjUIlj L!x» ^ L-L s^JLs* G> ^JLI JaiL*dt j! 

c a 

iijjjil . (jiliidl -1x9Lu- z JI j\ i~hA>d 1 <Ojl # il oLjjJI Oli 


- 211 - 





J (ail I 


J' " lo - ** - £*} 150 (jl-c ^iji ( a jr^«M Jaj L .« xl L 

Oj** • --^-$JI * t _j~' , Lj"VLA ij ij«i JL«-i < jjj*«Al£JI v*'Borneo 

- L-aj_^j * L<j—• m a^J^« 5' & ^L--^.'' i l iii ^ .c 

(pU . a_JuJ.I jUUll ^ £JL La^»Jlo_xJL t (y> jj~J\ sJjJlc J^jLla 

sV-tl ji?LJ! jl VI » ^Ji.>JI J jb ^Lc L gjL...:Jlj jliil ^>J> La 

~-- - J I J^J? ^^-Lt j j&^z-a si—Jl jL> i^LJjJ . j—yU,t.~ .^1 oli> oly i 3 ^ 

Cx> ^JUJI u^Jj L-—*j < _ 3C JL*JI JaiLojJI olj jtLII . ILo-jVl eLil AjjJcd 

jl >j..! a j> ol_poj _p L^il V| > C jJi*j ^ul 50 (^jJLc AjJj (jJLS* Jajl_o 

Li" ^UVI si* JOa ^ L-uls oLjLJI Jj—ai jj£j • i-swlj JU> o!pJ 
« « 

I \*yj ij j3 1 i I L^-9 ^<a i J1 n*M * w^»* f 11 **~*^*^ i 

sjjs ^ Ljjo jJjJLt ,_^tljjJlj ^jJjill (jSUI j>vx)l oVl> jl 
~£-j Lo> Gl> ^Lsji JaiL-»iU A^^ll i^>j }jUVI jl 

fx> ^LfcJI Jail ,-u.:ll olj ji?UI l Jaju>j — Jl oL-JjjJI <Ls^jj 
lj_C La (LwgJj*iI oLJLl jl ^if J jjJt. 7> jtJ dL)jJ jl5LwJI j)*a ^J j S^Xxj JJ^aI-a 

jjjj J*A^jdl jUwVI iL-^j jLfJVIj ^;LJI aL-a #j*La ol~a5~ JUjc^J 

,« I *? A . A . ^ ■,■■ 1 L-A^J A C ^. > - 3 LJ' »J ^|lj.H.l I 1, f - lOl^L ft . t , ~ * " V I jJA J . ^■■*‘ I I 

. L*-»jAj j^,A~.„. l I iLollI LjiisJI (j]pj oU-Lj^-VI 


£j L,iiJ-1 jL j i y>ji 5_j^»jVI tL-JJ ojiljJi ijjJLJI jjL^a s jp*j jl 

jl i jjj jl a-JLxJI LiLiJI oli iiUJI oliUaJI l^j: oLIL 
^J-l Oj-^aJI olj ojliJI otilkJI IjUt aLJUj jj^waJI 

»L«il v_-«^_-lo> j te y +zjSj . (rjULI ^1 aLJI L^o i_j j~*jj) 
£jULAI ^ U 9-l> JJLIj ^Ja-JI i-jj-i OwOjVI 

. (1 -6 JSJJI) S^JaJLI jtUIl ^ JJjUil 





- ■ - <U 0 pl eUll 0 q - 

j> * * 

U*Ij> iJlJJI ^l^if -t jjl ^j>jJ ftL-ll S jij ji L*f 

<Lowi?J^? I 1^ »*^nJ ( A> m ^ 1 m C t Jrtll jl JjJ^ t i jC*'^L 

^ i * ^ 

4 »»> Aj^jSL tJI .31^11 J*L^* ^1 Le.S' • D> U,> 

ooLj (_y9 «i>j ^jJlj oLLAJI j^Luo ( jj 
PH Ly ^ r >jjJL*4ll ^j-* JiL Ur Lx-il^Jl »L-1I Iji ijj-JajJI Jef l^»Sflj 
»L_JJ Ajpj-oJI J .a. juj . sLil jjJtilj JmJjuJII ^ Mja 

^jzil ^jL:J-l iiUI i .fail »L.J J £jj—Jl qjjJI <^Lt Ujaji I 

• Ajj, g .. j l V„ «i. | I »j UljwX^ * **JL+0 

UJi fd> 5^Jail jJ?Ll! ,y Z-_d>jS/i oUJJ 2uiLsui*il j-jdu 

Oj Jjj 4 —> ■^JI ftiULj I Ui^ * »n , l I ^3 , I d" 3 I ^3 I 

. ji?Lll 8JJS i j3 l$J oLil 5 » a Oj^SUlJI 





Almost constant rain Frequent rain Infrequent rain 



ajj Lw> 0*)UJI O^lii ^3 jj> waJi 













oUU $h} 


: iiU-l jMiLI J iUf : 3 - 6 
Ground Water in Arid Regions 

j Vj . pIUJ) Jl £-y+> ^yj iilil aJLM 

Aiiiil i j»Xj 5j_jI>» w3 laJiaJI ^yi AiLLI jiI?Li! 

50-15 ,ji?yC lAj A.,- 3 ..ftj-( jjijUwai! |» feo* ££j . L$-J ftJ-UI Ol 

• * 

^yJLc J»jJ dL>(_a 3 J-° e j, J-^—^ <idxC . ► -12> (_J J-^J JLh— i 

ft A 

1 ^I -Jia ^ili »ilI a>L*a*^ 

ft 

<y <£r>l ^>yj • ^Jill ^1 

^3 43LJ-I ^Ull . L*JJj-w^l Jj.-jj t auJU-J) jS-> »L-^l 

fi *■ * l 

* LLI l*JlI >A^l3 I j )I L^jjLJI <a>* L«»ft*«o jq piL*J 1 

jjJI I o L>L^-jL>*^n & 1 ^ I »» ft -^1J ^3 1 1 dL^jJ ^ 

c 

■ ii Lt I <L-ij iiU*I (ji?UlI e lj>I l jix»j <*»;£IjjJ!j 

^ $ $ 

: £jUuJI : 1 - 3 - 6 

}jL»_)j \j-y % S ajj Lw> j-^- (_$j Ly.- ^a l I C * 3 ~ . . * ^ --- ^ J Ij 

oL^SsJI jL aJUJI ojl^i-l oL>jjj Aj^-iuJi jljli j.oLiA-1 
^J * ■*■ ^ A ■■ > Jj ^ ^ (J I I i^J I 5 Li I u- 4 

. A_jJ?jJI aJJLTaII ^y_3 I :L-ILj AjjLJLa j^JjlSbJI J.. ,«n.^jl ^yjlj 

^jj5sJ Jju a^jL-jwJkJI AjjjkjJI ,jLi t Aj^i?_jJI ^yi iU-l » ^yjy 

y ft £ 

j^^waJI ^^3 ^LjJJI Ol^-I3 £jjj!>sj \Joj\ U^Ll-wtfj 41 : L> {jj&JJm . ^jl?waJl 
^3 4«JUywl^J! U^^J^>3 tiliJJ . Lfe^Pj 4^w? 

. Cr" 8 \ oL>L1 jUI ^j^nJ Uj 

^yxj Lcj ^ftJJ^VI ^3 ^tLL» ^j>l ^jLt.4> 





j*aW f JtaiJI 


ajjLxll jkldl jji a_x_LrljJI aL*il a^-j-jSsJI oL»-a£Jl Jjui < _ # )i L-fLs>i 
. (^jUwJf aJlfc <LJl*)l 

Ift jjJj j*5LxcJ oLjjj— y jJI ^jJ aJuiu hj \OjjiiJI 

L* (jiL . 4 A . r-7 ~ U J-. £■ OLjj»l jJI i Jj—>_jli .M j »l ^Ijj! ^3 

cjL jjt^-*Jt JjJ LfjljL^o L *■! ■"J Lf a^j It LjJij IhJtj i-JUl ^jLxil 
* ** - « « 
^1^1 dUi ^ £^LJ . l$JLy> Jajt^ jd\j J>y^ jl 
* ****** 

Ljj!j> 1 ^3 <OxJll LIaJL Ajfc_jj»»II aa.c.UJI Sj^yx *1 oLjj— ia*jJuf ajdJLa 

Joa olil> iljdal Jxo a^UU ^jLU-lj LjjJI aLJll <X>y . a_. j?„.. j \I 

y* a_JU-i JL ay loa liu.C ^TjULi-l jji jl ^>1a-Lt> 

a. * ...jypJL I a — ojiI 1 L . l . J -1 a ^.11 LxJlf Ly ^**J ■ *0 Lii* ^ 

^jLxll a-J» J I ji»HI ^ (^jLxIl ^jLc . <Ujl j-swjJI Oj^pk^ 

jjJI J-aaJ Jj <jf^^J aijjxllj ixHjJt il^il yj> a j*.£ oL*^ Jbjly>wx)l 5 -^j UL! 
i.*- 'j) | to aj 1, ■■ c a ^j U» 1 \j L .taiil I *.—a_J Lc y i * jT !^> 

a_^ i? tj <0 JLjj_j >..8 ■ *.<*a ~JI a«- I J_y ajtf L*JI OIwj-ioijJl_j . I |_») 1 J~d Ij 

ijs ,n %yO jL^pj-l J a I LoJ^t oUJI OLiUiJI • i-al-t ljy~A> 

Jxl^p-a J')L> oL.C IJa OJ-xj . ^ ^^-3 < C ~5* .j LI Jj-Cj Iw- J ---. ^: J 

L*-«J j . ^^pxll yU Ju£ ii. z—tdl dy>yl ^ j-swj u*rLr^-* jL-^xJl 

oLj-jJI hJJ jJt-a *j> oLLJI olilkjl J5wj dUJJ 

. jiJ -1 OL.la.C- aL.ul y Ls>JuJ>i CaJ jj 

J-*_i» jL j jJ! ">Lc ,^1 L.Lsi zil j ^.jc vijj-il oLuy-j 

a a^H OjtjpX^aJI ^ l , M . J -! J^LuJ (jAj jj^waJI aJj 
c ly>lj i ^LwOi jLaO i <i 1 ■ i m^Jl 1 JL— • aJxvLII oL^jJI <-JjJt 
^3 aJuL-Jt a .1 a.»ll Ajycl\ yZ .* J a_pxL {y* ■ L**! J^ .«oj a..- ^fc .a 

^ya Lyawjil oliJail (_aljOl l^JLc ^bjlyx-dl jjiaLi! ^ » a 

LkI I 3 I .Jwwa 1 aJxuO OLj_^uiy ^J-T a > > a. Ji<li~ a J. « C ^J Laa>_J **• —* * I 







* * 

*1?^«^JI ljI*I j I 0 Li£J! * l^>lj i JijjJi 

^Jl j J- JtJ ^*3! ij_jlI dlli C i Jii-I jj ■*■ i !_j 

<u* L a ill JJ ^■■rt) I A .t.nrf lj ft, Ml 11 ^ jJ! 

^i^JlLJuJI j>^JI a)i iJL^i ^ (2-6 JSLiJ!^) . U^jdl 

• ^ 

* \y>\ twJj-iJJ oL-a Orjj £jlaL-a \Jj-^ Jlj ^ 

^ L>jlil <dJJ aLy> ^Jl <u JlxjJI oLl» Sjix juu*j 

» j^j Lm 4^* I <*-»i^3 Jli I * ^ 



100 200 300 400 

Scab 1 a rmtoft 

. Ana underlain —NiftiM 


3/ www o' ,-- Ana undartab p.^. Hiwai 

frown<j-«il«f | meat* by f J undilot* 

' mowntm * - - 1 fc*t-Mubia* En d HJ J sM 


1 fcnt-Mubia* 
atdimaota 


•MJdoWy 

faunal 


;:•:.] r*™* 

i - fc — 4 focta 


U^lj 


^) >UI > f UI >l*% lukil (2 - 6 J5Li)l) 

• *jj~" J^»—1 <ui«>jJI 







: 2-3-6 

kj-! jjJtjLiil ^3 t^fcdi 1 A _ I j -^jj ^ ^ |*JUtll n k ft . o 

j 3 Ld I I Jlc o 3 U :J I lj jd I « ^jjj d I I & Li I ^c^fj 

^,. I .W—«j_j . ol^l 10 - 5 JJl jial! L»ju£ L^Jjk- k Juki! :L^> 

jlk-aVl £jJ^jJ ®klk i-»jd! JsLLia-l t Ljdl Ij jlij Ikj.. 'all 

%15 kLik>l olj Ly : dUi JLk> . SjljJ-l i>jjJ Z ; ->,.JL 

jLLa*^l ^ gjl 3.6 uLwsJI #jI j»jJ 2 < _ 5 J[ j 

« 

,j^> Ajil. z .^^9 olij! ^ ^kk ojlj>- li! . ijj-dl k^kj <_$•* -L~J kka 

* 

C~w«<j d/dl ^ «LI! jljub Ililtdl oLkj-1 £j\jZ3 jli <c_J! 

^ JU»_^JI t t _ # kt . k*JdJ 3.6 j^jkt jjjj o■»>—*T j^jJI 
f^k-o jli dUiij %5 ,j-4 Jil sjIjuL* sLlL jJ i?LLz>t o!i A~k^Jl ,jLdx)l 
Ic lLw^& jj^i kj lk>j * J-^jJI (j* j»l-dl 3 ,j-8 JJ UUL^ £«Jl 2 »j!juLo 
. jLi^Ji ^ * Ij^l ^^JLoaII olktl Jlk* Cj jJjJxdJ ^ydk 

^ydl k>jlj^<dl *—>jrxJI J^U" al—dJ £**!_$ ^.y-k OJj«j 

kU-UDI 4..lv?Jl a-d.Ul jl kj^waJl . (inkH ,j-9 Lw^>u« oLd 

jjLS* ijlJ jlka"VI La . 1 £. 1,1.1 k j ij^T.-f^l) I ^ikkil ^4 -UJ-*JI ^j3 k^JLl 

Li*1 o Li i iL L* {jp3 • ^ Cj^ j LLc» 1 o.Lc Lfe^ 

« 

j»lkJ-l_J k^j f 6I^ r d' o k t ^ 0^ *^i * 

dUS . ajj! 9akk! (_^j-a ^^k«yJI 

*11! jli - iil . ,jjkU ^jJJI dykH Cl> ^£*!l *Uf oh tyk» 

^j v_j ^ la. i . T ,.^ skll jli fjkL jk* jLSj #j^Sd*JI J-ks ^jLil 

■ j>LjJk _jj-t (_d| kJk akil 9 JJ 9 {y> ‘J> . skill jX3 ^ J-a^lj 





<uia j«(( &LXI ^JJ 


pI jj >a Uj * i XiSmi 0 ! lJjmmwJ i (jj^j La J J .C 

^ * £ £*m m*J 1 * I a * o^ ^^>11 ^jJmJL^JI 

^•Sfl >5>Ji v~—<J • ^jl^waJI jtiuJI ^ S^i* .lj>i ^y*il 

0 • 

^yiljj L> LUX' AJUw^ Jl ^jL^iII «LX otjuJI ^1^-oJJ 

»lL> cjj^jJll »LII jj-a iJj^Ilj 5jjLil ^■T.laLaJl dLil ^ ^>^1 

# # 
w^L jJi^ill ^ll> jyju ^jJIj wLm ^ Mj d\j ^MMiil! 

« * 

J^> C*X ijjl^ m./tJI jI?UIi al.». aII Aj Jj lJI %a ^)l J LAX j uj 

ji ^ ^L>Vl <>u ^ iUwil ^UJLl k.<—. 4^_anit.J| 

J^> J..,^>^ uJuLill ,jl oUljjJI (j^a*) OjLil Jij . 3 1A J ^c V 1 Ija jJL-J 


^1 j Mtj U'j . (jUx-iJI sL-» 1^-JaJu A.aJa.111 j^> iijjom »* lj>l 

t.L_»,.JI &~ J &Ji I &L-JJ aK i.^i)l ij j j jJl 

J ^jJU, Jit ju-«JI J-llj i_JL_»JI ^ ftLJI »!*) 

jr-w^i "i £~j*j fx> JJi ^^JjjJ^-fJf J-ll ^i Jkzj .ZJLkdl 

4- 4, * 

^Jl J?a .—^jVi sLJtl jl V\ . j j A*-& j->l 


. J^U- iS"»Li! J—II »iljj 


: <Udy2l OUU 6jjJ • 3-3*6 

»LIL s» ji£ a JL^_zJL I oL"V_^JI ^ 4 jjI jOi~ai\ Jo Ij^>Sfl ^ JjJuJI 

*■ l^> /I ^jJI i^Uuff J I »LJll ijl • Aa jIj LJ Ij^TU J ^hiiJ ^ ...^ jJlJI { J~0‘ 

^JiLlI I a ''?■-!jjj (OljLjjJi (Ji^j jiig~nxLr<tf nil )I £-_}ljl! { jj> LJL*JI 

.. . (3 - 6 JSLiJI) jo\j^i\ ^ i-Jr-jJI. \ySi\ 

jli:-»'^l U*j . IjLLJ iS)l j ijiy*? ^ i-»L*J! «JLi*l »Jl^J 

-Joe ,J J>\jSi\ jli iJUJI JU.I oL4l 10 jjU^- ^1 




wiJUs , 1000 jb^fl dL-11 

jj^waJi si> JjuA- A—Jl-C ijSLAjj . l L h<» > r - ; .. ^ j> olS t 

Ui s^ jt J?Li* I sL-U Jij Lakdl ^ tjiJi Jj-_^ 


. (4-6JSUI) 








J?jki I . l:U-J ifij \jO^ JJ*-* a Li I > ; ji (4-6 j£*l)l ) 

o^M*j)i n » l I ^Jl jaLil aJiLaI i 

.. £jLti! J! JjL*S/ 1 L3j> a Lit ^ 













:&UU <Uc,^ : 4 - 3 - 6 

| Jpl —tll 11 yl?LJil L A»^.J ? y V 1 &Lna I ) A_»£y*JI ji Co j ft P Jx>^J 

jl . (5 - 6 JSL^JI) LaUxil jlk.^1 oli jMdl J\£ J^\ I>j-b 
: ,_,* L-iySlI »LII i-jlJJI iJuaJI iljll oLj l £$y t _ y JI 

^kJI £^UJIj jlk^l iU UijzJ- ^1 glJi\ : Jjfl 

aJ . a ,i)l jlLoSff llUJJ • <i_JL*JI jj*-*-:} I CjVju«_o ■-»< mi 
LJ5” A-yljJI iljltj fj^bU. f)JLja-4 A_._.>>j_*JI OUL-A-jJtj 

• oLU AjJL azJ I ^Xi sLJ.1 t^OjwWi* 

L> LJU LwijjSfl iLil <_> jJcl* ^yJI aJ jijdl £)L»Vl oUy ; 

. Aj j I jkLil ( ^ ^ • ■■ H OL*jy*«yjt ( 0^..—- • .a jySsj 

;LJI i_S> . tU JLc. J*_*7 L^jS/l oUJU AJLJaJI SjjjJI : CJLlJI 

aJ—LJI i lyll j LyjJ Cs9yl I yJ -UJX ^Tft .«7 vill jL_j I A, >. » .. JJI 

. aLrfJL! A^tua^m jljj-UI 

.jLjjJJ aLU ^*>Lol ya aj^b <.y> j»iUI jL_iJI ^Sjjj : y^>Vlj £<1^)1 
jlkaSfL iyd! ^Jl A_i^_> ^lyL-— ^LyJI bj-^ 

jUjJJL) aJuLaJ! J 33 1_>.>: 11 oUi-l jL*Jj! oUiy^Lo jl . Al. w & 

A_..,.ir?j*^l sL-jil A_o I jj I A_Jua!I slyll J.X . <? -a 

. Ajjlly^Aitl 

A * 

JuJUlJI ^3 Uj-■■ wU frL ^ . U * 1 JL> ^ 

JuJusJ! ^ jii! <dJj oLJll 

^ i 3 3^o l ..., A —fl J L.o> > ■« . -it ) yuI l ^ > :< L^ y—L »J 







J oLX JiVI JLjiljJl jljll oij &LJLI Jary • ^ 3000 

djl& ^>0 <i. fl Ti.a.tLl O l —j ^ ^ ^ ^ A yjjj jJJIj U..*■! I I 

* 

I JLc-l^3 JCx <ol 3 I^31 OLiUajJ I kiJLz3> JI 

(jtUIl # jUJI i^jf-l j^iwaJlj cJjU! ^jLi> . Iji> 9*JU^1 

• ^Q*L0^M ^ ^iJlj <L5I 

• * • 

^i U ^ &t^JL I I ^ ^ ^ I ®LaJ» I J>.hj 1 ^I 

* 

aJlJ- 3 4iJ j>^j d z jl ^JU ijjl^will ^1 ?LiII ^Jl 

* c 

9i j->j-a aL-JJ £jA £_^JI l-UgJ J »Li-^l viHiAj . <U-_9%k^«JI * lj^*VI (_5^ 

. Lfc i (J^«3I j& ilALal ( _yJ^C'j « s.X?cdU CjL*ijJI ,jij£- Jj ^j-s JuJuJI 





800 1000 2000 5000 10.000 ,20.000 

Tolat dissolved solids in pails per million 




Me n annual prescription at collection point, 
.millimeters 




^ jrSy 70 iJlill :ljJ U&\ iJ^JI (5 - 6 JSUl ) 

Lyl.4 X>Lelfr«U ujji . i ^3 A w J-7 j^ I &L*ii 

. LjjuJI iil 2 ^a jail..,;)) ^jC. jriLJI ^ Ju-uJI 




<U*a /!! OUU j^T) 


: 5-3-6 

* ^ B 

a..JLkJ 1 JjiaJI J. ; )a.~.J yill J-Iiil Laj-a-t Ljlj^waJI j-9jJ 

c UoaJ I l ^ jii ■ ii i ^^l.ifii fl jj Jjj LaIX 43 j I» Aj^i—aII OtjjjJI . aL*XI A^*Ij i 
JJlS ^Ua-^Vl jl Li" . AjjI j-L jji Ui" ,y LJI 

Ja *y *ij oljj^Ldll u& >jii\ \J ijj[ j*-d\ j^UXI ^ aJU£J! 

J?LL jlj . A«JU> ! A^ajLiXI oL>j ■ - ■» ^A j_C Ajl 

. oULJI jl>I jj J^U- (j^s ijx_J?fjJI aJ-LaJ I »LJJ c? «_.. ; .ia.lI y ^>~1I 

< j5 A ii. ■ rl j^f I jLJtl Aj ,\,.. l .fljJ I ^ I I Jrtl ~.M ■! 

. ^ « «...U.T.I1 OX-bcJt ^ /I JO J-ojJ( i^ • 1, h Tjj . Ajjf i _ 7 ^_a)I jtLJLI 

^aT! Aj LL^* ^*JbC UmiJj ^Jl Jj-^jlJ f 

A-JljJjJI OjilM Jl ft ». 7, al J-aJjj . o jl kll Ij ^yjjJj-^JI 

. (J<3L*jUI jU £A 

aLbi! 3 j->j-i L f~ a jj A_~>j2, ,...]! oLo’^AjJI oULjJ} 

<ui£j I A a <J I A^jaLc* ^ lii ] t jaJJ AmlI^J I A>LX I • 

«—-»x j ljL L*i JI *■>n * Ja. & j . *« 11 I ^3j “ j 1 ol ^11 

OJ-^ Jj-aJ-l jjSsX ^yLJI * Ua_iJI obi' ^LJj 

A- 0 -.A .1 j .?1i j! ^>5 n-7 AjjjL I ^jA A_>1 ,n o 1) ]? , mi ^v~-L . 3 t u U-»J I Ijjfc 

i>L—» cJl^ Is! i iii) j JILa . a^j^JJ Jj! jjAaj ^^JLt Jj^i?JJ ^cjXJ aJ jiiw 
* • 

^Jl 1-^.0 £jljl ^jdl l jjs i aJljS oULaJj elizi-o J^\ 250 LtojtjiAA 

UjjJ aJ jJuu> a^J ejajsJ S lil . aju-» J$J aLXI ^ j.jJ 7.0 ^1 2.0 uy 

* A.)« i f »a_3 j^j] 875 j ^ fl . t i * -<* “ 11 4ji3 t A ■ i A j »-A3 3.5 

jljulJ AJjJL# J >1-J ^yX^J AA-s X j / jjJU- 540 SjIJlLa C*jIj k_4jj~iaJ 

A * 

. i_i)l 'jtfO ^i5”l L5w 






jJ-l flLJLI j-c JJjJI jjiiAj obLJI L ^kjLr liUiS" 

10 4^Lx> } &LI! ^ Lj>wLjs» j^>i j 

* « 

^i'l jVl cL-JLI Uj^hU oj^i olj-*I - L>JI <*z*j£ 

jVl ftLJLf U j,. i il i4 (JjSsJ Lj> JL * ^ jljK-i^l ft ^ Jx».*J 1 0*5^ ^<A3 30 fjA 

• • * 
*— ! ^ 5 "^J • f ■*—* 90 ^ <Jil 

* A 

^1 « t y»uk-JI j-Eail L^ . LyuJi oLtl Joj£. jLJLJLJ-! jla-eVl 

&— y £»yi i \£ dj^J Xl... fl UI ^L-LJ! ^luuj * JyoI^£j 1 ^w « Ai*iI I 
‘ LLI j L a t . Ji 4 i Lx ^jduJI j^_il j ujj—AC.^lJI _^oJLj ^,t_» 1 . Lx;l »LJLI 











1-7 

A-wajVi dUaJI 4j£ j 2 l ! A^Ull (j^ajtuaaJl 2-7 

j^xuall 4 aaLjia 3-7 
4au3jV! &LaII £)Lj^ 4£.J*«J ujUa^ 4-7 


jLVi Aa>UjJ 5 - 7 

Sj,>ujaaN jUV! 1-5-7 

jj^-oa-ai! jjc- jU^I 2-5-7 

JlLvJi) Alaa-^uuxlt 3-5-7 

i-Ajj^ajJi CiVjU-a 

c> jjC-6-7 
j\Jj\ Aj^Ujj 1 - 7 






<u* ft l out 



: fjjis : 1 - 7 

iilkJi oLj.t ....a ^jJI ULkJI utj.~-^ ,j-a 4-J^I «Li I j) j-»w 

L5"jJ-i iilLlI . JxiuiaJlj 4 jhxJ ^(j LfliU? jl L-j»- t Ji*il 

■ /t-j-kd i 4_C* J—.>^J i L «■ «-Md J ( jm j <W-WJ Li u i ) 

4-3UaJ! jlJwS-3 * Lul 4,-wj y j^l oL-Ji! L*J . A — >..^ j^l 

oLkJI ^3 jljJLflJI ^Oi.».w . LfejL«iifl 1 ^3 tjJl£-T->*^I 

Hydrauiicgra- ^SUjj-u^JI J~il » jU>i-0 ^LJL( ^1 J^kll 

*» ~ 

^ru L «- ~ J I j .7,11 «LCj . o L»■ 1 1 (( dlllt 

j^jlJij ^ a.» iij La LljjJ aJ^Ux jlj^ji*l JI 

9" * 

£4 Uit-uiL Q jLy—i-l Jj—*—» jl L>LJI j~>j c *«— > ■ . 

£<a U 5j-b l>miL>j i jljj—^1 j ^ ■ ii 4 (J^is £-a LuLcj 4_sliiJI ^5 (jljL_cJI 

: L5” (j^UJI 1.46 (jX (jSLj . J-a^Jj 4JL- L ? ^lx. J-<XJU K J-aLa 


V = Ki 


h, - h- 

Q = KA — 1 -~- = KAi 
dt 


. oLil 1$£}L iSjf" (_j^l dJulaJI ia i>L*^> = A L*> 
dh 

J-41 = i 







l AjJajV) oUaII A£jai <L*UI1 : 2 - 7 

* l-° •*> (jJ{ a «....??ji ^ a_ i j?jS , i oL^jli £«-<*> ji</> jj 

LjW> a . .Ml 1 4 LI I 15" j> J-JL^ o^' ^ aJu^jJI <u>LJI 

ft * 

j—J-j . _iLu*5l aii» i j-a jrtJjl jl A>lj . ajJLxi! £t* .u7 jj Lo 

<iiJi JL-Lj . tL r . — 2 ? j V jt II jL^* oVL> P: n ,a i ^yi LSL Lift < Ixl*! 

cL Jl { j**> L>i—~a -LL Kj «*»-> jj-Lx-o j-*j <_jJI 1 sLdl &S 

(jjJuu jj jjU_J_4~! aJU-1 oift ( _ J A3 tjuiLL lTC-L- J? (j\j 

ft <1 I _ 

uyLC-Js (Ji-wVl jl Ju^l ^1) 15"j-> Jwa-^ jj L-> 

. La--J ? LID! jaJI ojj» DLL! sIa CJ ij . Ly iLLj 

< Li.>l) I 1 Dt^r-*J I iijJU> J*)L> ^ La5" A wTj^ I 4 LI I j L^»> .b 

*VI . ( j> jJj—>JI ^jj5LiI J^L> D^:l 1 4 LI I I>j^)j i 4jIjJ- I D>ji » oL£JI 
jl^II j.t «.tj aJ oL^. « _»<o oj^j L LJLt i^y— 1 L*iJ-1 sIa j! 

^ c £ 

- t --- 3 jll Lsj I j*Xj j i (^J^D! ^^1 L y)[ A^ii ^ A>ljJI 

jl i_«JL> L.ux Confined a jL 1 1 aLlI jL^^ «hjj 

jjLj_I-l o^L> jl-*_JI ajcjL aLdl aJ^L> ^Dl I? .«jJI ^ jk —< 

. dru^Lo _^x lt'~ a..l? <j\j ^ilj aLfciJ Jj>LLI ^ LL l -l Ljjlc _^>! ^ 
^Ja-J! y>j f^- Ldi*- ijiLi Lajux. uncoufind jy^u> j^c. ^,L^J-l { y^ti 
. Water Table aLJLI >_jj.^Ja jj DLL Luj aa5 y> 

^1 ( j3 4—&\jJ> CJli' III (Jp L'.T^ a »LII A_jJ iiijJ-LSj ^tt . ■■>) 

^ ~ --^j . ikiJI dLLr alZUilLI oLL^^I £?-«■-> ^ Djl iliaj 

j j -L--jJ! • Diil a_>i ^ j^-Dj ajLL^> L I i| ^Loi 

* * 

jl _^LJI o jjp jl ^IjL- cJti' Ll (heterogeneous) vr-V 







's* <_y» <Sj>^ <J[ i ^-‘ Cr* J*>hs}\ 

. h +*jJI J3* <cjU A*i j^Ldl |*Ji jl ^Ijj- CJ15" IS I 

jdUl * III ijj> 0»jJlLj 1 _ r JL*-Z/> »JL>lj aJl> ^ OJ^L JjLmJI 

xhju l ya liUSJl O^Ll>l Jwjl^-al pXj u> -jL?C^l dul ^lx \_)JuJI » lllj 

* 

okr^ 1 Oj£-(J • ji £• « Ul ££> ^ ' £^* <y ^1 
• ha* ^**jl>C*ll ^ ^-jLl^Ji IjA t^^-5 ' 

■ ■ ■ 

: jja^all 4 aaIu*4 : 3 - 7 

{Jj-^J >ULI *rr* ^jJI Ijum jJ! Ij^JI jj^w-aJI J^-iJ 

O^ 9 OJ^ 3 *—<-Lc» j£-A jj ..11 Ja^jJI Ua . i-i-l-Z->t-a (JjJ Ollj—jlj 

j\ 4 « UL ^LuC jl j£t£ OL&ljjb ill j~AJU> 4-*L<? Z- J Jju > OLa> £-4^ 

. iJjJ: 1*JI jijll jl OljUJI 

* 

(oLaLil) oLtljiJI |*3*> Z**J Lfj‘1 Porositg <L-»LJ.I o ^ju 

^Lx-J'il 5L>jJ lj JlC A. ;i.^ T II aIjJLI ^-wsL*_ 4 .H,a.,~.J»J . Ja~-jj I J&JI 

L-j . j—icJJ jLLU> (Cemeutation iiU-Ji) 

• I4 ^J ) $J * ^ ^ 1 ‘v ,.j 1 LJ (.*—■ I LWjJ f a ^ ,1 ■ '7 T,t t jj 3 l_,i I "A— ^ A l mw8 

dUJuj 0 ij_-_-^JI oL.-...J-! Oy <L£jjjdl oL^juJI ^ I^ _« -•*11 oL^J-l 

* 

Ja—jJI i ^MjL^ijdLI vZj L,»■■ ■ h I jj ■ I 

j^pwaJI jJlc ^ iJ Ac pj 4 jj> (Sorting j^iJI S>jj) xJ-l j^iJI 

fj- ■■> Jj-fcM o^" ISL-5 . Ja*a^U Zjj^ll Ol— .- M -i-J- 1 OjLaJ 

0 * * 

OLJ-I j_^5c_3 li| 1^1 < t j.aljK^I i_ijL?_Z_a oL ; .^ yM 

«4 

. L^aL>u>l ijjUia 

OLaL—*Ilj A- flJu-^a £j_jjl Uj-J (1 - 7) J^jJI 





J-"” t—-JLo i - ■ Jk 1 , w . 4, t l,» i d _^>l—<nJ I OuaJ -O*)L*JI^ 

• i » 3 j I iLjll J--J J-Jl; Li ^yi ( ft ^ J fjji -l l' MiJ i »LJlI 

hydroulic i_5 LJjjJl-^JI £_JL«a/}fL »L-It JiJ -Lu-jJI i_XLi (jr a— j j 

c~.*-J I^Ldl C/u Jl jl . conductisity 

ju\ |*>L> jl . iJUajJI jjJLc Jj«IjX J_p US' C j L L. - lM .r 

* * 

i ^w3jJ Li . I ^^3 d LJLI ^JJL» aJj Ui U <l* -& Li i I jiS I 

* # * . 

Cr° Jil ^ L <■■,„•.<■' 1 s j. JZJ I sUj IjJ) jI SjjjdI o L ...._ ~i -! o I j 

,jj3 i.~—iJ sydU-tf u>y> jjj» i-S ^Jdl jdaJI 

J > Jj'i/I lg X- al.»i.<a ji-C’jj • sL-ll JjjLUij LfdaJI jL»Usj lAj iJLc 

. olaj sJu-> £jL— P- A*Ls Jl :J1I 



SjjjLa 00 *4^LJ) <L>wJ <j*j CtUj ij(1-7 JSLJi) 

(c) 4 ^Q vv< Cjl^ ^jj _)j^ oLj^-j (b) c- o>IS 

OUj^-wjJI <jli dUiJ i l^ili OL~> Cu> fijyld OLj^-ij 

u~-w G> JJi l^T.yaLu^ L> ijyL® (d) L» i-jlt C^LaOli JtT*^ 

« 

iU-aL^-a C^->—^1 jj-? w? (C) OU-. Ojj ^ LjJu^ ilj_4 

. i !>..« ^»f*L**a (0 jkjjJl 





Uipi »uu 


AoJajVl oUaS) (jbjA Xs- ja*j 4jaS uluA : 4 - 7 

iJLi? (iiLx L» / ^>Jl3 V <j ^J^yj aLlI jj> JL>lj Ju'jL jl 

. ^jSlf J L/L jji -^- UjLLa 

-iuLiaJI ^3 3i_j>jil (jjiJI A-w. ~L< LflLj aLil JbjLJ iJLkJ! Lai 
Jli-iiM Jjj ^>fc i-^LJI ila^l iJiyi J-Jjc j£xj • ^LiJJ*^l yi JjiJI ji 

p 

OL^ ^ * 4.^ L i I ftf Lc r^t 11 jl jju P O-o* - ■ 4 > .i n * I L 

^D! y ^LttJ^L £Liry^ j> ^ i_*UI iulSUI iilUl J-Ji . ^1 

. 4**Li 0>j-*J^a Jjj ^UjJ* tfl jl-U-a J-^C 

L»j aLoS iiltj *-Sj> iiU» «Lil (ja jJjL dlzx ji j£x UL-SJ-I ^ 

^j^Xj i Lac* ^ULry^lj lak .^ill (Jj-3 4_aJj^a .C»i£JI 4-iUlJI L ^ J C -fc 

J£J iilkll ^ ZJibd 3JLJ1 ii^JL ZTpjJJ iiUaJI Jl^ 

: (ft -16/16) jjj ;ji>j 



* I_/■.[ ^$Lc djLi hjzi\ ^ Lj?jS/t aLl) 'S jjJlc ZJjladl >JUb ,3-JaJ 

i^UJJj fjcv dJLiaj 4 y d j'll I a Li! Ix^« j*il S I j ^ I r - la ^,. n.. i 

dJJJ . JLxil ^£x L-^u fjL> IS jJ.1 iiUxll Jix ^jJlj - V L , jbiil 

, 2g 

■ i <*L L^" 4 . ^ .. ^ jVl aLl I jL^> ; 1^3 ~ ^aJ (XJ^Lca j>5 L.»... w 


^LLjl) Piezometric head ^jZaj^u ZJLLI »Jk* yi j 








£iLJI 


iftL* y *ULI ^ (2 - 7) J5UJI. {y*_iJI jU y * Ul 

Ji>V . liUall I -ii5j jU^jLI yLiJ ol ji-a — jJ-JI 

^ jf M * 

. I «*■■■ ! I LaJ 0 ! Uj I ^ ® i 1 

oy\il^S^XiA$ (2-7) JSLiJIy y U JJl* *lj>l ^ Ujo* 

: y^M 

V i_c^_JI jU (not turbulent) CjL^J-l o£-i ^ j 
J—ilj K j> j -1 ij jLiJ (jL;_«»rLjo !_ > _ — , ; iI ^jL-U-l JM_> jLj—i-lj 

4jSULJ! Ol-l>j . (oljji »Li .ulo ,^-a) _ 

(Jj.r-j.iI _y LJI ^Lc j (L/t) y) 5 jl>j J£J Jj-t ix>j y> 

ijjj ^y ajSLLJI ^Jlct syjll JjLJI yjly-j . 1. ^ . nH uJyjdl iyjl 

1 ■ i ii , <X ^jJ\ 4j S I W w^( *" .i M 



iaiLi loJj (L 2 ) «>_>-l_^JLl olj ->j i_>(j SJLLI #Jl» y K* ij jLijJLi 

(* Ulj y_oJI) oLal-fcUj ijyJI (jjlsi u*j *0"^ 

ii*y ^Jlc. w/1 yll oL-ljjJI |Ja *a y . JjLJI y Iy ^s. «uo*J *ij 

jLs liiJjJ . L ; -~>J 4>j_jJl)Ij < y>jjJI jjjJI ^*<Ij jl * ‘- ^ *^1 

. <L*» 0 >"^1 oLJJ d m i Lg>* 1 1 j 4^>LaJI oL-I jjJI K a ( ^ jl-^l 

1 - ■ M 

: yL Li" Q oj& u^5 Q = AV jl Uj 









»ui jAl 


Q = AK — 

>-k-y 

LI XLc iai-iJI ^1 . jli_/U ol^J jjx La^gjJI aJSJI i>Lii = A eU_> 
h — h JiA— aJI ^ILjl jLi i^Aj P = wh ■* ~L I i < 

JjLlu 2 dlzA’ JLLCj hi 1 A he/ X-C ^Uj j*ifl 

: Mi h„ 

r ^ i r p; ■ 

l h2= w +y ^J j l > = w +Yl J 

« • < « 

J-jil jli . JL ^jL-J ij\ 7 |j , a ,. ; 11 (jro iiULI jlj 1^ {_ji-d hj jl ^Jl 


j - h 2 (pi / w 4 - yj) - (p 2 /w + y 2 ) 


iaixjl oUUj A Ua _IL J - P] _ , «UJ,^dl jjJi = W 

W W 

. jruw La j^c 2 j 1 jukiJI ^Ujj! La y^j yj * 2 j 1 uy^aLlI ^ 

uyJj a . « . ; .. il i ^,LiJ>! ^ L-. —& L J. I ^JjLc QjV ^ L * 11 5 

♦ c. 

al~® jk^> l?I (Unconfind) jj^z^a j^c- jL^L ■ Jj^l ^ LgJLjd^l 

Jtlilj . (3-7 JiL-UI) j rr*--^ < _ f L>j ^yi 0J> 

0 j ■ " !. •> ( g T ^»X3 40 » A . t dJL. J ? J^li- jU_^i- ^yjLiJI 

» « w 

ft i —< <ft l ^ I 1 ) . f'3 , * .— x? ft ( ^ 11 4» ^ ^ I Ij I 

. (4-7 J5LJI) ( 

+ 

a-^Ij »j AJjJ J}L> j^S’ A ^-b j I aL-^a juj (3 - 7) JixLil 

#L-» ^Uj jl jruj A IkiJI ^ . il ?ji .h,A LxJ? LLk L*il j 









£U/I JtfU/l 


Pi 

U j-Jx j . - 40ftB A iL jJj h, = - ■ + y = 50ft : « jUL» 

i w 

^ 4 * 

i, C_g t .ii i< i Ju^jt ^ajLI jli |>Jii 100 i A>kfl■ Jl ^jl 

H l hj -h 2 50-40 1 

L = L 100 = "TO* 

H 1 

V = K =-k : Jj 

L it) " 

: loliJI Jjulo jt L4? jZ3 I liU 

3.8 x 10' 5 ft/sec= 1200 ft/year 

V = 120 ft/year lc-- ol* 

* 

- 20 At n Cj j» JJ> 1000 iJ ^1? jAl tit ^ ^ ; *>5 * jlj 

hr 3.8 10 

Q - AK ——= (1000 x 20) x-x ——• - 0.076 efs = 34 jpm 

L ' 100000 100 ^ 

^ oLclijjl xx Jl oL-LaJI ^ulxj i ^’LiJI Jliil ^ 

xljH—( >jj ~ D- £ o(j2j Aj j A jAp ^ jj A j J S I j 1? 

. (4-7) JSLiJI ^ 







g..L^ll ^ UJ, y JJ.VI ^ . j.Vl^-. yiii ^ ej! (2.7 Jgj,, 

• ^J(>JI JJI jUi.j ,1*1 iiyd ol 












pUJtJrfaJl 



C/*} Jjj *a4» ^ (PAV) jLJI ^LojI Jx*^ ( 4-7 J&iJI) 


JjL*-« i XL* /j»XJ 5 J.Ut o ^ L^jL JL»jj UJ-kJI ijiLflJ |*J 

xiLw» ^1) j»ji 5 j»-^ 40 ,Ja*)I t-z-j" 1 

: iJUl x)jL*ll < xl* / j»JiKj (^yLcV! j >w j»ji 35 



h l ‘ h 2 

L 


18-2.5 

35 


= 0.44 


H l 

——=2.5 0.44=2.2 ft /year 

1 ^ 




V = K 








pH oL^I 


: jWVI : 5 - 7 

^yLc -U_Ou ole ii-Jall oSLJjjJu-fll £*—aJIj j-lJJ j.LjJI JjLJ! j[ 

u^“ jM uj-j (5 - 7) J5LiJi. _^lJI 03 j-i> (^iJI j^^^iJI 

iiiaill ^ o—^jSfl aUB ^ J->lj £j-0 

jl J^bJI oljJ->w» JjL.li ^ jbj^aJ-1 IaLlLI j^a i-JLjJI (ijjjcdl) 

ALkJI ala Jib *)UJLii4 SjJL'KlII oL^Xt ,j-4 j*J> oj-J J—-»vi-> (j£-iJI 
* 111 <oa *j-il lla jjl^o A jiJI * olLJI ajIIaiJI oil 

j-a aULI • A.QgjSfI sL-ll ~ 03 alIjO^a J-oj 

. Q^JI O^ £AJ OJ jl i,.«..I B jlJI 

jjbr j4» d jiJi ui. ^ jj j~ju \+*ys i a jiJJ jju* c jj\ 

Jj-j ^ir jJlJI iuj dUl jt-i? jjjj °b_«XI Os D jl !jlc L» B j,.t. : lJ 

*■*■'«*. 

j I ^ Ij I D j B j I »*J^ . I ^i ^LumJ I 

JJL?w £-ii)l alu-l^j L» jS .j j-a l ^ -If- !•! j£jj ^^Jl #1—11 a.. ajf j| 

a « 

AwaJ L-lJ- I !_} ..^1 I AjU* ) 1 I ijUouJj LA^- 0 >^5* JI J«> Lj 

J?j-v^JI JI-LLa ( _ y it JL O JL> ^AJI a, *-..1) — 2 . a_>T. ..'all ^Jjj ^jJS oTUI jl 

A ^ 

j J L ^aJ 1 jl j a 1 Ij < ■ 11 L y>-tj * b a I j I a I a LI1 *~ *■** ^ / ^3 

£3ijJ UlkJI oLJLkoaj o'Jh-^IS ^«_ w jl . aL-JJ aLLsLJ-l a, L.lall aj jL aJJ 

bjjju yJUJI (jjs ajjlL.lI oLcLajj’yi ^Jt sL-ll jjs a.‘.. ; ^)>_a oLa^ 
4 - 
^I j^» aJi i . a.’7....i LLw^ J^l^ j^ai JupL 4 ^ j Q,i,> auoj a j 

oUJaJI aLlI Ou oL/>.5* ivsj^l ULSaJI oLliaOa JuAi 

aJjjLd^il J »i.fc Aj jLjjJI . Aj cBij ^Lj I Lf! aLsU-l A . y» J- lj A 1 a , J I 

. aUl aJ^i J ^>0 ^jJI j^J-l ji JU 





jjluJI JtaiJI 



■ t/riJ t 5 - 7 J^ill ) 

: Confined Wells j&Jll: 1 - 5 - 7 

aJl^L> OjJmSl ><m£ AjCuj? * 7) I 

j ^£jC . <&■ <L*JlJ 1 <mI ftMirf ^ * - * j-*i (0 < 

(A) L-JUI ^LJI jl . Q = AV IbUl ^Jl Ji-ljJI oL^lJI 
jJ_JI ^o JL*_J1 *jJ-l J_i£ ^j ) (t) ^UL"j*^!_j (r) ^jL-j UjJai SJI 

Ul . 27c rt = A .'. < (<uJLU Z>LuJll J^> j-o »LJLI «Jj jX j (_jJJI 

i,iU; - K ^ V = K-^b &\ju r>^i J^U. (V) 

dv - ' ^ 

” 

-240- 

- i. J 






hJpi 014.1 UijJ tfta 


.LJLI Vj _o. ,y cf ^o. J*. = -y- oUJJ SJL.UI UJJI 

' JJ^Lyy* jmJI ^£1a*m] 1 jl) ^ I 4*4^ jli A J &J « f jlu A*£ 

Q = AV = 2 n rtk ~^- 
dv 

hw j he djjJ'f <jru ilaLnil tXgJ J^&dlj ofj-Jull J~ai 

: *.*...yjl «.$>—*Ui rw J re 3jjJ-l UUJ ^3^ajJI 

2 7i kt (he - hw) 

Q = ---— 

2.310910 (re/rw) 

jJLj j\» i ■wbj.rt.dl Loji? imwIo (he - hw) J?jIjUu jl 

rt «II jb jJlJI ykj 1 ,0 4 dlljJ c jlJI jll> jiijlcjJ I 

%20 (jJI jo> ajj! JUj-*—< ol£j! jJI-JI jilS ibbjj Jaii %10 abji 

. Jaii 



Impermeable 


■ 4^ W2 Ji ij[ £jO- ^ ^Ui jLj*. ( 6-7 J£jjl ) 






gjL*Jf J Mill 


: unconfined Wells jMf: 2 - 5 - 7 

Aj^ix A M,. J? f ^ L& JuX Qj .^L>U> jp-kX JJ ■ r'X^-l 1 ^jJI £L--^2J 

jUj-4"I ^1 xmi i jj&j II jl/Vf ^3 * (7-7 ^JSLiJI) ftiLi; ^-x 

JaJLJaJI jXj) ylJI Jj-> I (Jx^l ^tJa-oJI) &LJU 

- ( 1^1 aLIAI AftJllI ^3 *LlL AA^J^a^ Uf v^jL^LuJII A l^ 

uJ^XLw *I I AAj^lxJ I ^tnJI I I i-J>LJjjA■*■& 3 L^ij I 

i^Lamwwj (t) c*oLtJI <jlAi.iJI JIxjlm i»L-t: «^L j^^ukI 1 jJlJI 

i Lu$* D^Ull a.Jxj (h) &jlxLa 

Q = a V -2n rhk — 
dv 

« 

: (jJLc tA*i »^fcl iJiljt<JJ J»4lxi)L>j 

n k (he 2 - hw 2 ) 

Q= 2-310910(re/rw) 

LaJL^ i hw j he ^jjujj> Ov £-* Q j iJU-l 4.is> 

i Jl> ii^»c) h ^ 9j«iL-o Q t-flJj-ajdI J^r*-~L »jj- - a>JL Ij^lcy 

V ^1) SjjL*_A jtji £-9 ^->_J j»J-C LdS’ (_yj 

i]/\j » i iJ^Ajdl jLI jl^j-4* jUt .X>jj 

. Sjj~^>dl I jL^/l jj'jdlil UdS” rw Q 




Impermeable 


0 s " 2/^1 ij J< <J[ JLf- 3 ’*'* **■ £. 


,olo>(7-7 JSLiJI) 


: uajj^oill CiVjI*j> jlSlil ^3 aIuumuJI (IiUms jil\: 3 - 5 • 7 
I j--tj ij^-ajxll jb'V! ^ ujjj^rzjJ 1 ijLa. : -^! 

Jx Lijn^t L-JL>u^> jIj-o ^Ljui ^1 ok>* 

.• 

£<• 'i ) { Jo\jZ~3 1 J*J dUJli' . ( L 3 j .■>,..£ ■) LJjili <4-jl jJ?., J 

JL 

J*>j^ I - V = k (-) aJjIjw JLjcl-U) . Steady Flow (ci^JI 

dv 

« 

. C-oU (t) ttl.JJ AfttlaJI tjJLwi j I l _^?lI^LS I 

sJjb ^-JL5-> iJjjfc -L>^J L, (b«— u^ki |*J 0^ 

Juc . o*iLil ^h»,a j-ji ^sl^i! JL> LI ^jJx l$Jl Vj» oU?l_ r ii*VI 

gJLJI ^ llx> L-mJ au-c3.~j L» oUsIjXiVl tLfe jLjlcVI jlai; i>Sll 

il_*ll L>^>t.~,...lI ^iUI #as Jjl?v ^JJI Lf-jji; ij^~^ LU 

. (_Lj-tjJJ LJuLti ^ fj> Ljji LjJaJI 



——— - " ■ - ■ ■ - ■ - ■ —— ■■ ' — M .i - £jL*JI iJtOLlI - 

Jj * 

1 m-nJ jmnJU 4 jit) I 4 fllxfcl 1 ^jg3 Jj1 l)| 

Lkii cobjl LJlS' yLJI ^ Ljj-iil LIS' 4jli 4 _JLj . J &I L_^ 

d Li I 11 J L*V b 4 ..^> Lj-1 i*JUj.s2 z) t 4 J 5 L-» Uy+J J * 4*A-$ ; ^-li! 

jki <Jual y>jjJl LK hw jjL-JI J>b oLJLI j*~c ^ he ^jlJI £jL> 

* 

1— aj ux ji.-a .110 «ll (_gjl■— ,Tj rw jJlJI _ / k J re jLi^-il 

« * 

^ uiJai 'i eUS jl ,j\ . (rw = re Ljux hw = he ) JaiJ! LL^J ^jLxj 

(Lali jj-JI ^2— -ux) jJlJI ^jL> aL-JLI uj ...‘..a ^yg-^j JLJ-I ^ij 

J^L> jj5L— j-i-JI jJI jI (jt 1 J>li ®L*1I cy^*^ 

* — * 

5 y> iL^/^l oLJJ) 0 ^-c jOVI ^ hs 4j^Ujj! L y\ J L^\ q-L* 

.i. l 1 4 J ^ j « (7 ~ 7) JSLUI . (JlcVl ^ - 6J ^^ 

: ^y^LS* 

71 k (he 2 - hs 2 ) 

Q = - 

2-310910 (re/rw) 

<j$L ijj I ^yi Q Ljjj-^l.^ll i)iL«-4 J5" ^ 

< t » c 

ikz; (jl) LJa —ij ikH r j h ji-LL: re j he jx ,_/ajj-*xJI 

*ifj Lalx hS j_^SJ (^2JJ . ( jiJI UVj TC ^Lj ‘*iaju <JAJ 

CiL> i—UJ ,jSL: ^JJi hw joj -ky ■j— r J.'7 L j, iJjL*—a J_>jj 

jUj (---) KJU—^.X Jl -_3 J ,-a—-J l—a lAj I «—•ij j*J (iijjj 5 

' Rt 2 w r- • - - r- r- 

_i- uL^ lJI ^ jl .(8 - 7) A£2L)I .j 6^ Ui'—^-JI 

Kr 2 w ^ f rw 

^ jl; LJ^) v jlJI >Lil J J,^! U^U- Ji£ 

*Lil JuX s jj^u *ill ^ ilijl (-^S’ t-Lj-^axJI 

j-a j—-iSy (_ylxi jJ -J J ,jjL>tII L-—-jVl aLil oj_-w> j_,5o Lj 




■ ■ ■ — OL^I ■ " 

^ ^ q !aa hs ^J( ^h■** ^Lbjl ^ i iJI »U1I 

^ Jj—il <_/»!j-cSf) <*-> — I t jSH sL-l! ^o L y u ,_/» j-»l SjjJbx_4 jLrVl 

. (*>U-4 ^ji ji i-tljjll ,_f^\/i\ 



l*ij uju <y »Lil Jo-tj Seepage face jvi^Jl ^k. <£, iCAjJI jj* olx< ( 8-7 J 5 s«lJI ) 

. jy /iXi* ^cU*i j*J 1 ^-11 

kr^ 




















--- - - . — . jdO&n — 

: Unsteady flow from wells jUVt 0 4 jjC- : 6 - 7 

a j 

sl-il jJa-c j\ iUU j.rt~ JLi . iiU OJ^ fjilJ jiJI <—o[ 

<Jijj-sx jJI Q*iiL«-a J : ; k~ dUi £*j . CijJI £» oiLc j—JLi La-S*)^ 

Is-^m unsteady flow c^LJI jl>jJJ ^ 4-63jiiJI <y ijjijuII 

'*-*5"iiUjJI JLaJs! J* ; . JvJ IjU* idLjj jJL-ll jlijjL! 

. ^Ui icj-Ji »if> <jf- 

re ji ^1 jh & JI 4,.. aLd I a. ■? - j 1 I jL*- t ->I <. <** oLc 

ftLJi I L^^L-X- Ia^j I ^lLlJ I ^ ^«J1 jA ^3! ■** ! 1 ) 

4jj * .^11 &J3 (7-7 I Ja>^) ^-iJI oLJl I -U-C < *■« .. i r? j ^ I 

’ 3 L Z ^C»^/1 ti. 11 jj—£ t> LI I A bjpJb 

j_»■%> r. 1) l ^v, .« *. < / *3 j 4II 3 jj ^<iJ I L»JjCj ( US j ^ I i La -0 

* » 4 

^Ji\J ^SJ\ Iktl jlidUS £U® J I 6 ILL I 1 7- 

* 4 

liU I 3 I I ^Lc \s~!J ^ rc I 4— L —*■&_• ! ■ 1 

jjj—3 ^>. o ^L«J t uOj ■ ill a ^3 jl 2JjJI j^JOjLi^J ^Ia^JL^V 

^Jui 1000 = re ^ Vjb ^ aJ 500 = re xs> %10 j-a Jil (Ua>) 

aIjJLxII <l<> : eJI jl . h jl Q * L o ^j-«a <^^>1 %10 ^»Ai 2000 jlj 

* •; * 

U1 . j»jj 500 ^1^ L> Lcj^j* jlLs» jl ^JaJI ^ 3 s?- n% »^r- 1 ^ re -^ 

^5Lc <oli jijiUJ) Ulc ^jLlJ-1 ^ jl ihjhJl »L1^ ol jZS 

. 2000 Ujloia re 

Jl jli » t-Ajj~a J I 0"^il*a die 

-- ^ ^inia j^J^LaJ diaijj I j5”^ (j\j iiLaJll re jjjll _AJI 
jiLdl ^ I j LI I draw-down curue 

(**i JjU->j h j^J Confind well j_^t?Jll ^jJI ^ . ( l^,}i\ »UJJ 





- <L*pi eUll £a 


ei-ol ^y> «jJ-l Oj-* pUI j*--i-i*Jti JajL! _l» , r 

^IjUj Ju£j ^yLLii ft Lit JjLc ^-Ul |«jflT.., tl JaiLI (J?j^JI Ja>) 

^JjULa h 2 |*—jj! t I <_y® LI • r£ LJ^ n ' iftT.i.yl I 


i 2 > J^X gjU! ^ . J 7 ■ JU -Li -1 JU> djbJDI l ^Xjj i r 

ji . JL*^I ftULI JJt£ ^JJI fLL-Jt Jail £> ^LLj ^ 
. re jLL)l Jo .S \Ju aJ Jix ^kUdl ikij <ju iiLLLl 


: jLVt : 7 - 7 

w * — 
jL^fl jjL> I-..L-C. ^ l^-:.- o-fel jL*^l L-^-Lj) LJL & Jir V 

_ • * 

*Lil ^ 5** oLjJ I ^Ju>x <■ Lri’Y cy'L^tl 0^ 

IjiLaJ oaLjj jj-ft iiLjJI »Jtjft . _^-J! ,y» 

,j^j ^jjLJI y?j-*JI LI . jX-JI y*-l »Lit 4J^> (_jj^ ^JLSIj ftL-D J^LA-I 

rLaJ! ol a—<r>l _y aj 4^-^-jdl 3Lit A j^_5 ftw..L-C 

. jiJI (_yL ^Ljt ^^ylJI liUaJlj 

t jjj 5 LJI C __ 5 L jLi*^I ?v-zJ lift.«. ,v ..AI <UAjjkJI -iwfcj^juj 

d-LftLi-l A A .. * k11 OuL' til . ft^_3yiil OljUtll p„JI <Li» 3 jyL^-l! ^jl 

UljL ^u»LjI ^3 i 3 ~ -^ ^-iti j -~-> i-1 j jJI ( ^j» Zjj^a ftl.Jt 

* * k « 1 1 ^yS ft L -JJ J-ftLI-l (j-a (jUltlj (^j-JjJJIj ft j-jJl-( aJI J-»jJI 


. ( ft Lit {y> y ^^1 * J>) JUtill ^iJI *■ Jsyj ftj-iL» ^L.'xl t 

|*-aJ ^ I Lj I b 1 .i^l 7 11 I LpJ Luj^jJ I iJ L> ^3 b® I 

Jj'LijJI iiL<_a j^yLt J--*J ^1 LijtU! jljll) a: u^ll ftjlil *■ LljL 

9 * * 

(j-a L_/5 OL>tX3j jS\ OLI j3 (_ylt Jj-^aLL) liUSj 11 j-^»«; ^ <U^y L I 

ft 

I ^-saJ i ^il i LUi xJL®L^i 4jLaJzJI Lftju& Lsl • 

ft ^ 

(JjXi ^>1 ,^X OtyftO J-aXj jy»wjJI J ~~&-J ^ <L)li 




C-.-i. tf yj cTiijl! illji yJc cVU.1 • jiJI J 3 * 3 » Ul L$j 

e 

oljCa-tf o^Lt dUj . uUtfJs-lil cLJlo-C * Ljl jCJt ^li (j* 

J U - XC iL jl (_ / I-JI £jl> ^1 c LU (j -0 J-a^Jl OOVtftf Oliwl-a) J^a J\ 
•* *• 
dU jj jL*^l o\*m^ pi InC .i. .al.T Jdc jjiil 

A3 dUi jlJL 4 O.jgll ( j-a <LaxLJI jljll ( *^a 4> j*-S OLd" Uljf >Joij 

dUj I 4 C C^yiji 4 jLJ aJI ^yJx 6 d.wi.lI LJjJI oLLiaJI ^1 

^LLi! ^juc iJL> ^j . cJLfJ ^.J-JI jJLi ^1 jj j! ^^SJ: dU-Lj 

{^JJ j—'rt JI (j-a Aj'Ls jJLJI J>JU ^^Jl 4_a_tLJi Jj'UjJI jl jJj®^J l oLJ 
sLJI jj^C /* o...‘' J 4 a. &UI (JjlijJ! J j^>2 |C£ L> * Ltf- JC jJL«JI ijlLtf 

i t i ^ — A i/~■ ■.. - d ifl Jjtw> L . L a .C- ^ 3 4. fl J. 7 i ^ -a ,* -.... 1 _* 


: ^Jail ALjIa - 1 

JCUtfj I ftjlx 4 xmt cfjj 4X J— Jl 9 ^ C- T -a <dwl» ^jjJI |,Aj>A—J 

oliwail ‘ - ■ ^ ^fjjl 1 ^ L jLajJI jJo A> djCa-a ^ I Xp-S^j i »AC 

JulL La tywtf-,; 4iwail 9 a US’ ( _ r c»Laj^J I ^Jt iilcj ajLc . h-rll ^ aLwC—J1 

e- t- * „ " 

I -L*j JI u?u <l J u>, j l 1 I iuljU ^j- 3 . oLp I * i>>^ jJ^Lj ^Jl 

ti -3 ^ ^ ^ I* 1 I ^ ^-.^.1) O IjtJ I I jj I • Ai 4 »> ^ *'**. .* ^ ^ 

dU jj 4 jJLJI ot Ui” ^11 oLc-l jjd\ ^ L^UI 

e * 

<Jl>^< 0 L^tf 4 _wjLc sjAi) 4Ajli jlijj jl y*^ 

,Js. jvi- £c±)! J_a-Ctfjj . oL-tf» i 

t 

ci-3 Jj JuL..> . oLwO ^3 ^]1 6-X^Ui-4 j <Ju_j~c2j 

^ I <o-L»jtl I ^L#j j 4 I Jm-3 ^ho ^ I -j-* I o* ^ ^ 0 -1 u^ j 1 

t . ft 

• i>* yjw ZC15JJ j»Ac ^ d^LJi La> 


- Juipi 0U4I j£n---— 

: Compressed Air Methed iajiLaaM 4ijjla - t 

ya £ O 1 '■-'**!jwj • ty^ t rill I j L >AJ G> u. Ja^jujl 1 * Ilj_$J! LLyla 

jt c£jJ - r-‘»J! y®J s ? yi* <yjL- *! y-JI y* 

olkJI *il ^>1 uxjj (psi)2 ^y/L 150 100 yj * I y$JI 1**■?•» 

. jJLjJI ya d * -p)i LajW iiLkll yfc «!y$Ji ZJxcLoJ »yiyd! 

(....JI) £Jaiij -la.iL.aJI ya A,. a ^.*.7 ^yjl ^ i_JL*j * lyj! ZJiykj 

» * " 

Owull ukJI ^ej[ 2 ylAj * J jl> V_Jyjl jL>ol pJJ . Jl>Ij jl 

yu5 v-yi y Ij-fJ! v-i^ySfl L»L$J J-a^ d~-s*j 8 - 6 Oy. J 3 * ij* 

* 4 

* Ijj ^ 1 1 6 j + mh^ A . ^ J I Ojpj! 4j jjLtf I ^ '•' - kpu> . 

ft 

* Iy$JI V-Jy»jl £»yj . £yid-l J^U j-i*Jl ya 8 Li! ^5 a . ...,■<■ a Sjj—OJ 

If jJLJJ Jib V-»«—J yaa J-*-» y>uJI v-yyl <yk^ L^i 

J!y !j ^Sj aLU-c j\^JL>j . jJL-JI J>ib £j.'ti il ya aLi! ^Lijul <■■ — 

4 » 

£jl> Jya ) »U*il ZjjbjLftO oLa 2Sj> yowftjl < ’jL 1 Jili * 1ij_^J I '— > 1 J-J I 

a Li I d £J ft «.~j ya y*J I yy b Aj i h «•*! t ^ j . Li -1 yd! 

. jjLJI ^1 LfL- v j pcUl J-aJtj yyiJIj ud*J! yLS: £*j ^ 

j j-1 *y> i.a .h:,:.J ^A-jLi ^L>»Lail J->^Ji g^Uaijl 

« 

* jp*p»J I L lia; y ^p jft jzi I *> yl* I ftL5 Li” <, a ^ l a *i i ^'-, j j I t ^ JI a ■ 1 & $ J ( ^ j ..*J I y^a 

jyufctyJI J u .,p. <U1 a. JLo-ju ypfa> La * ly? 1 ^ i?_jJLail «ij-^JI L»5" 

jJiiil yJ! J>b J^jJLoll«!^JI fUil LJuaJ! aiA> ^ . Baekwashing 
ift»J ^1 yiJl iji sLi! yaiiCj (^a»va <• Uaju ! ya yLi-a) 

J?jJLoil * Ij-fH jJL j»J y»j (^yLtVl ya i_. .,e «,tJI Lijo) LllaJI ^ I 

yjLpa jLy> LUS ajj-4au * UtiJI yLJI 

jlyi.1 y^Lj ayjX XS.j JTyU-l <_,!( ^1 ya ‘ Ul Jyu a Ij^JI JiLa -Us) 






1 e.M.U v. julz 4-JL^iaJI a.L& j . ( j-i-JI I Cr 4 Oj^-J 

. ^jJI 4 _«>LjI ^ ...•>» t ~ dUJj* ^.ac-LjI ^jjLijJI l _ r ^ jJLJU j.b ■ >vlI 

: (j^u^aU A5j jla — 3 

jLVI ue.Ja.JJ ^ i-JLn-j L >j Lc .ti jL^i\ {y> aJU>!j ^j 

dJUjhJl adA ijij . ^JLflLj-ulil ^jLJiJ.1 ij2 Ltg_^ ■ •'!■> * l^. V *-Z-j-i (jss£j 
aLwa Lif^_> L—..^ jjJj fjjJLJf ijUa^ JjJa dJ jS^sj 

u « 

,j-J?LiJi LiT^ Ijlj . <JJ-b ^1 £jU> Ji ®j- 4 

4 - i . ^ £- |*JjL L>sj^JJ I aS" AS j+m jlijj ^4-1 ^jL 4 ... I? ; 4Xj^pu 

4xkJ! ^1 _^JI ^ j_^L aLJLI ^jjo JJLuVl ,j*-JJI J j_y jjx . iwiJxjJI 

J>Ij ^jazaJhSjj f j~~£ hi. ..Ml a a jss> Juf. _• jJ-l ^ <o aJsu—^JL I 

I $-«. 4 L*Jb gj .t--i-1 ^ ^jlJI J->15 aiji aL-JLf jijj L f^ £ - U? jJ-JI 

LJuMI j*Z~J IjJJbj . ayii ^ uw_/J { jA\j J>li I LutUI JjUJ! 

. >_i. JaJ.,7) I JUS'I ij\J- 
✓ * * 

LJL^uJJf aljlli’ jl^fl ^LjJ oy^ ^ lx lM' L>' lU* J- a -*" : - lJ J 

ijL^aj a j*>■ oLLajJI oJA uJIllJj . ^b>-jJI ^ 4jjLx» ol yxjsilj 

j~?> j x. ^Jl ,J ft *s ,* j JX-> . Lfj iJLc 

oLaL~JI (^^jl-l y*_i-l jjo <i^«Ujdl oL~- > dL^-iJ (%15 

jlj-a J,^t :.,„7j . jiJU aJs-j^II aUMJ iLaU-l j^enwaJI ^ 

!j>J IftJ-J-Cj JujJ-Ij I dl)JJj IJ dJaJI i)4,fl fe; A i IJ-3-5* I 

^ oljljddl Jui_^ jJ IflLj olLai . <dLsr )Ul il^il 

J_rf>Lallj ^j-J Ji.ll iJx aaLjj l g t.. 7 aJj Us j ^..m^J ^J—JL 4 J'J - x lI 

. jJ\ ji kj jj4»waJI eLil dULJI iJX ,jj> llT L^~5 





d)os)\ 



<L»dpi 6UU SjwLU <ui£JI 

<uidi j <uiL^( ^laU^I 

•* 

1-9 

4jm3oUaII AjjUjjil! dtULudi 2-9 

AilaiJ! ^1 AliliH atwil 1-2-9 
AikLaJI (jut 4jkjliJl oLaJI 2-2- 9 


4jjljajuall ^ <Ua»La!Ij 4jjIa!1 3-9 

CjUU2L-Vl 4-9 
S^aUaII jjC- Aj^uII jji <j& Jll* 5-9 






: fj-iSj : 1 - 9 

^1 « Direct infiltration ^-iLLI»-»^Jl » ^Jia-a-o 
^3mj »Lil jjjb ^ljJa,^>l £5 jJ> (_j3 »Lll Jijj 1 £ Jr.y \jj 

§&»■) ^1 iJLjJI Indinect inf j-iLil U-J 

t 4 . 

O^-J jl ®Lil h .J 1 

^sll oUl iUJJ iJU*?! LJuLdl . ^1 j| 

* • * 

Net recharge i-JLJI LlAJI LI . iL^/tfl #L1I y *-» Ji—'VI ^1 J 

* J> <. .....»<J J|. jLI! i-JJ) ■Iiii’^t ^jJI Ljj«JI *J> 

* * -» • 
. L.- r J 1 Aj » U> J I A i. ^ j L_*j I 0 Li 1 fj Lj I j> I j.~yX.Zj j I 

»Li! ( _ y 3 jljujJI <l-_?L- aJI sojlLJIj <i_JLw>- s iI LjJ LI I uv iJ j-i-ll J-i-Cj 

L iiLi»( »L1L j-x ^liaiJI ^ ^^Jl £~Jlj cf~^* x: 

. £-ii! ^UaiJL J .aaj 

^ h ««i jj-c oLil c 1 ■>^jjUL-dfj Oj bw tII t, f - (jii ^ w »Lc -j 

: uv 

1 o - ; ■ ; ’ Jlj j-i-1) I j_yl J J-L-1 (j-° ^ Uj ■!> i T . 1 ! # 

. ( J-.-^lall *Ja...H ftLil 

. jt-iil ^Uaill £~ill j^c ^llajiJI ^ : LjJtJ! # 

aL »»- ^> oLti' 1 *■ » (^J1 ^ .nil jl JjJiJI ^>5L 

* * 

J.«_ tJ 1 Lg ‘rt .~n 77 ^ ^Jl oL-L-jdl Lft j! * -« yh 

aJ-UI j( LJuJI ftLil a^JlS jl i iLJJ * 

ftLLI JjLj i)L^> ^jJLt j-5*^1 ^ui *if( . IiU-14—ij liLLI oj^l 

<*—;—-LLlI i_»j^Jl A _ ■v^ -H o( j .KlIj ijjjJIj o*>LiJ! uru 




s—li'r 


I ji Jj? ^b.:r - 1 \5Ls ILjJI »i-4y . ^jUi-aU 
. ijuil jJIj i^JU! oli 3uO;S?l dLII jiUw juj^j ^c. 

jLil 14 _JLj—_ aJI oLLjJI la—J 4_«JLJI olI ^ JLiJl 

• • a 

t—> LJakJlJ I OaX^J A *IH>, a i»,all 4| ao & > ]flj I.L .... -I 1 ly» -^11 ^3 

• ^1 dlli U y LiJ 

* * $ 

I Aoua ijSH oUaII 4£^£~au ^2li <LuL JjftJI oULxll : 2 • 9 

0 L— l I **—5" 2, A.. ^ ^ t ^-aJ I 4a J Oja 1 • 3-11 03 1 4 A » 4 1 1 

• « 

^1 

. Input ZUIjJI »Ull oL-ki’: ^jVl 
. Out put Z>jU-l sLil oLai': ZjLJIj 

^ ^*?L> j^jLjj < o .. » -» a. 3. Jjj oUL^xll oJLj —j oL^x 

. OxJI Zlia^JJ iJlil jjj!_jll 

,jjj5sJ ^ 4.L^X-C.<a j- ; S -Jil <dL>li iU—a Oaaa-J 4jl j^jJL jJ-LjI-I 

* 

3 4 , A < o U ^uJU ^ ^>* I 4a^ v L> ^ i ^ 1 4-L 1—3 4j»XX a La a J 

. 4-OjVl iUU jiLia £»lj ^JlC. j^cl* jyb oli I»jU- 
4_JUjl 'ji J.a-nj ftliil (_yJI 4—jLjajjJI OLJLjJI ,jl jSjj La-S" 

oULkll ^Iki - 3 . ~ 2 . ^jJ-1 o^JUl - 1 : ^ oLclki 

. (1 - 9 JSoJI Ji>V) . ^oll ^LLuJI - 4 . Ziuiil ^ SuOjS'l 

4 « * * * 

io_*ao 4 jjL?w» SjLlaOa ^1 O^ i-OjVI sLil |»L*fc>l jL (JjUj 

£<a) iL_J.I L^J^)L> kSj-P" * La— S) 3jJL?y <-*jl_j-^l jJa?w> > —a J 





i+Hafii eUU >^7) 


A ft 

jS a T.«j lJ^I^I |»i?fc a ^3 . ( 3 Li 

» i * 

**--» J*J tj-* J* * 4 li^v •t*^^-- 1 4 ^ <y t ^ ■*►>! 

* * * 

f yZJ I AjJuuljl Ajh‘ a ^jA (jjXJjjAjA l*£j ' ' 11 * dL*Jll I J Lj 

• <U^m1 I <ukii t * y ftJUAJJ < C» J Lc 4. i L> A ah. a 6 iLc> ^JU 

■ 

<t-_5'-—aLu jjjj-jt oIjl>_j_S" 4jjI.^ aJI jJ?ULi ^ ..,z j>t jl ,s5Lc *if liUJLJ. 

.»11 Jj>Ju a ^ 1. -LI ^j> ^ 1.^,.nj Lfi! . aJj— 

sL—il £jA ^xiiuJI Cj^ jbyil yJJ 4_jL^I IJL& t 4.Jli J~ I j]?Lil yj 

. I 4 ! <u>bdi Z*i ;^1 jisUll ^ Isj >_jil <Lj?yVI 


1 • M ;l 1 i I I 






JmU! JtfUJI 


: ^41 sUI : 1 - 2 - 9 

iyJko Jj-ai iji U 8iUj 6> 5jjU ^1 jlkaSlI jl 

<wi~s»lj-c j£-iJ « oL>Sll » L.....I..i iLji? <Jli-> jj-ss-3 ojLzj 

. J ail ola iLii 

,Js. L$Jl . ^ fi+Ju j-Jt aL-<* |j{ 

< « * 
O ' 4 J* ‘ j-*-JI « <^^1 Ujj^a-a i jj* 4 6 7 .*11 j^iSjtj oUjjl 

<jl o^i L^i” ‘ * LLI kSj^ <_^l L-aj-aj'j iw!jil! jjJ! 

. oLjiJi *4- (j> ! ^L?- 4 c4 

S-JUI Sjji^l yj Jl iUljJlj JU-I yi iJj54di jL^I |jhL-J 
^ 41 !! {jj^> (j - 0 »Lil <—>^-■■-* 2 ^-o> . s 2 >jju iJa >..jL! ZjjII^woJI jkLJJ 

4 4 

a ^ i a * ■■ 1 1 Jj^-J! ^^0 >&)I jl A»*»Xyc*«JI 4 i oUuiaJt 

. I 4*| -i-*J 4 ■■■.■<>* l g 7 ^ £UU I I d Ll ! J^-l 

JJli yp (i-JUSl) S-JU-! ii>l J}U- &A ililJI *UI Lol 

. Lijj! amJIjLI 25"L »Lil ell; Lj_jLj 

4 * * 

: <uieuU ^ <u jliJI &UU .‘2-2-9 

y --^-t fU-itf iikdl ii>ljJI iiUaJt _^*i)l <*-4* ■ ^j - ' 

C/ilLJ.1 |JaA» yij JxsLuJI 4Ua5’ j\j3La jjL** La sale . £^yj 

■ u^j^l c^{ >i*WI ypJa-JI *lli A.-aS* waj I jjL>w 

: ijjLJf jj^LaSlI £CiJI ^3wJI OJjkj 

oiJl 1 O L» .& ~ . 7 ..m. 1 Ij liljjJI < jL^jSfI jj-a « {jA ~ 1 

• j*~i ^uiajwj aJ 3 Jh 




jj I .1 1 ^Uajdl yjA ■” 2 

I ft 1*11 ml t "" 3 

• ^iT.J I d M Jb>^ 

ft 0 ft 

jl u> J~L» _rfr* aJ^>«-^»JI <>• oW_r^ ^ 

LL15 Jl iiU»l . ^th ■ ii.)I (jLjjjt-t Jl ,j*AjLaJ j^> j |»JjJ dUij 
»^ ^ * .fill O l. « . a J J*\j A_J»ajjl jLiS-iJ i Jj { j H h »J I A.l o fc Jj ytJL i 

<. ■>!,■.> ^ "‘Li y>> y.-'-C'u jjjLij A ^■ si j'j I oL.JJ 4_*jL)*jil 2SjJ -I jj /*SL 

: iJUl iJaUilL ij0j£ #d>_j JJxJ (Q) Jb*}ll a.«a& ^j£- j*xt 
Q = K x Dx G 


. L5LUI = K 
. L-0— M — D 

oL-J.1 S^-> c5 £Jj J jl ; JI (Jj-flJt) JJjj-uJI J-LI = G 

. {*£j9%2 ill 4Lit tg-akai ^Jt 

. Lw^jj »jLij jlj-a jji ijJj-g-JI c*£ oLLk LJLj 
Aa t ft .5 111 ^ l . . . > ^jic A i.n > > j *J i->^JU ^ 1 iii h i I [l ■ m 1 4 Lij X ^" .. 4 l 

CpJaJiS oL-j-J-l A-a-&U oL>< jjj AjjI> mi J..-0rJ . Ja*JI dJJjJ 

. it ■■■!> <U^?W» Jk>jJ L r,aUj . |*^tJI JJIj 
pii? Ijf ^fkjj Ik^dl J»Lil J Gaf JJj j4i <a ^Jj J Juflt JLI U 
ik-^U k,Jj^i\ jkUl J l~±}i\ oLJJ LOiSl jl iL-JLU >1 J 
A_^/tft ftL all A-j_J*il jl A-_yU-l 2S JOJ JLL 1. aLLs i j> 

jiS i CiL^i a Lit ^ aitjjt i-kji aj H zikdi ji zii.ui 

^ t j, ^ It JJLI ij tl ii j i ■ ii * I t jJJI I Js^^j A .. I ft Lit {jA J ■ 1 ft i 





1 iljll 4 jijj ijjlJ_^. Jl JUiLU JLil ^Ijjl Ju £■ ^^LVI 

. JL*JJ LiLil ji?UI cUj £jLL»- 

* » e 

: AjjI ija-uall Jjfui! ^3 AjaUlj AJLil : 3 - 9 

JLIjJI bL ft,11 1 LiJuJl oL_«5JI ii jJu> j—i ,j-> 

# 

LLJL> £bj£*J J>-Ji <0'Li . Ljl jr X-aJl Jj-J-Jl (_yi ijlil Ljl^ll (ji* yy 

< • 

* lj—J »LJJ <i—_«JLi-1 j a.. i Lt VI iSji-\ jil jJ-J_^*JI £j‘ i0> ^ jl 

• * 

j-w-.^.-Jj a_>j.u lf^Jxli JJi; jl <Jji 

LwJU-l IS jJ-I ^jL*j 'i*j . l~Sj> ZjU? oLII c- Sc < _ # Jf 

J?jVl bI-J A. Lf\ J I Lj Jll b jaS jj jJ V A, . .. VI bL- JJ 

S 0 

ijLe- Ljj-Hj j-.j 3 .Lj lijbj . j-jLJ! 4 jJL-mJI js iLwJJ Lij-ajJI kSjJ~\ r -- - -- - 

A-JLi-& JV> iiij 4jiUu Cw-j. ^j!jjx-sJ! J. 4 .- J ! ci>: c _jJ! s^-J 
lUI ^j3 A-J-Ijjl _)l_jil ^-« .v>• JA_Jwi_*JI 4 JJ 4 JV-»J . Cjj-4j jjl 

£^LVI Ja>'^J . A-^S"Ij-dl I a.....) ^Ujj! 4».w Aj_jJI Jj-b ^IJJ 

J?lj_>VI ^3 Lls>j_-^a_>) <JLLa L-jJ^—S jl Jl JJX i—A—S L—dll 

c * 

Jiij £-~“il j*-£. ^UaiJI ^ji jjiu LfJ (^1 (oL*- l:—l lj 
^ VI L_^V! tUI ^ £>L.VI 4i* i)lj! ^5L V jL^jVI bLJI J\ 
o^JI ^ JS' 0 ! • iikll ^ CJ UM jl^J.1 jl JjJI SK> 
^ A ... i .fe I ^i^VI jj-JI *ijj bL - JJ ijJj- 9 -t y* {j A ^clJI j^udlj 
ySj l ^ ~ ■ c-y ^j i»jVI 4Li! 

uu.LLjJI ^-0 jj4 ^ i/*-r*^ * La!jj>! ^ n - : .. i . h - *) l 

Jwi» LiJ ( jd I J»«sI_ jju)I cUj JjJ VjI (JL-j llj k--> j— . ~1 1) 

. L_>jVI sLJJ LiLJI LjJLJI 


— . . . — — . , - . ■ , — 

• i a ^J Lo X x . Slsl Lj ^3 *jJljl+m a ^xa xA I <L a** 11 aj^LajJI j I 

L^ li <L9L^ I I 0MJ (jf+^ I ^L i I ^■-i' l ^ ) I I <*— < * ^ * 1 1 *■—3 ^«*j 

SjjJI ^3 oLJU ojLfe cij-oJ V JL J»jSfl 4^oLtl OjiJI JL^9 Ljj 1>U 7>^M 

” * , 

(jl £*j) oLi! Jit.*.; <uiiJ-l 4 w«uJI jjX j^ AlJt . i^SLLI JjUj 
4 . J . ? - -L 1 4, «-,mJI (j\-J (1-9) JjJ—i-l . ( j-~-° ji |»-LS ) AjjjJJ C »J_>J 

•V^u- <uix^o tjA jj*)U 

QU (Jjfrl JU) JjVl yd I jLxxl ^SLc , SjU.! S^l^wJI jtULI ^ 

Cj| I £o2?IjJI (j^a dlljJ . oL U l J*—Ij-a <LL$J Jklc 4...1.a_»JI 4__>U1 

4_ ^.r 2 1_j- | J .fcj ,i JyJ ^JLo ciUJ.1 JLAJ ■* U < l .,. ~l I jl l*i i>Vt ( ^s 1^7^ mj 

* # 
fc l£^ j! i 4— J tilj^l 4 1 J*3- ^11 4_jyJI an I JUA J 1 

■ Oij-l AjLmJI (^11 (JjSfl ydl) AjjdJI i>l> ,yC ^JaiLJI jUtaS/l 


*0=1* £> 

LliJ-l LcJ! Mches/ foot 

(m m / m) 

Sond 

1.2 

100 

Five sond 

1.5 

125 

Sandy ioam 

1.9 

158 

fine sandy loam 

2.5 

202 

loam 

3.2 

207 

Silty loam 

3.5 

302 

light clayey loam 

3.7 

315 

Clayey loam 

3.8 

317 

Heavy clayey loam 

3.8 

317 

Clay 

3.9 

325 


. (<uiai-l 4juJI) yyjl y® jjj.’ ^ a £«jjji L^SwX ^yjl sLL! (1-9 JjJlLI ) 









£ufWi 


.A-JL 3 jA Aj^J! {jA pLil jl | Ji*A JoLl—J £ljl “ *JL,S jl 

I ^i^JI ^j^i.iii 11 (4jj_zJI cL. 11) jjl^j »j-Xj h>^L LAI IJLfcj 

a A— aJ I^Xj iLjj? AJLAI Ajjiall uLglj-*Jl <JU o!Ij^jJI jj5sj 

Aj^jJI j»« v O^J • L t.. » Jljdl 4_^_zJI Aj ji?J jJjT jl pfe ■ A UljL ^jJI 

« » 

j—'L j~3-»W Vj . 3jJ» 4-iUI OuJl Jj—4_jJJ Aj_ji?j 

* 

<* ■ * li ft ^ ^jl i)l • J > C Q2p<J I ^X>»J I ”* ^«jji ^ i Ifl Gr 

£ * * 

^i-C 4 -^aSvJ f dju& J Lo JL. '* .! J ( f ” t A 1 Li> i A.« 1 2 Li ( 

• 4al ? i 1 ^3 4 ^ UI obLJI jjJ&'j L^Sfl pUI 

i # * 

jviLJ LjjJL juic ajjI^j>wiJI CjULJI i fe« j jl ■uL>'^-» upu 

Aj ^ . t i . A 1 A5 U- I wi — j —j j -■-'-t i aJ IA-1 4 JJ4 3 * LJi—J ■ I 4 Li I j-^ ISAI d . . a *x j I 

jSf L^L- A—*>1 ji (1 -2) JSLiJI Ja>*i i (ajL—?UAL pLAI ^LAjl) 

A « 

^yil L ; ;. a L^jpL—o AALj a_»_£ 7 j j 1 6 Li ) |^j ^-r -3 J 1 1 * ^£_i A*A^ U.I pL> 

A 

^ . t A! a—£ L aj^j 2 I d 1 1 ■ >.* . > w-*j IA LAS'« ajp Lt p_jj^- ^ ■■■ A I r - ^ 1 1? - 1 1 

. LyLLil AiU-i LL— jbjl LAS' 

e o a 


: CiUttjWfl : 4 - 9 

i ^Ju L ^jju L ^ j 

ALLiJI il^ll jLjj ^L«S/I jjp L—s'j'il j LAI ^bjj - 1 

A;«j?j*ifl j LA I L^JA?i— ^1 iljilj ajLILJI jljil ^ 3j_^>jilj jLjjJJ 
. eL«j jlLoVI slyi 1 $j ^L j_jAI ^LpSM (^1 AiLe?l 

IjdAI £*Ji\ AJIjl L$jlLJ jj jSL ,^_JI 3x^^l LLJJI - 2 





_____ <LJa yjfl ^3} ■■ — i i — — . . . . —i i ■ 

yittlji jLyjM jjA I L^al_* c#^J ijjl j? i ,<-i J I 4 t Ja . l 11 

f, * f 

m ( y I $ Li I ^ I L^Li—w j US' * ) 

JJ' *-LS v. «* m* « *- * : 3 Jii Jl JLL! jl JL»VI jLJt - 3 

^AjLi'l jL^J-l j^5w L»jl U <l_i]?IjJI 3UP I * ^ ijJL^ j)I 

. 6LiL JuCJa 

Jl) jMdl J *juLJI ^ >I_JJ iJjil - 4 

A . —laX ^.Lj i J„L^I ^llj £tJpl ” I 4. J,a C a]'! •*> I^j ^JL^I 

1 L ( ^w >— 3 LdJ I Aj .xjl^J I) ^Lw^yj*V I & Li I JI Oj >j> <) I 3 

I ^4pa] 1 ^lll>l I ^y 3 <Zj Luj^JJ l > >.y< i < l J LaJ i 4. » . L l i I 

• ^■•■«■)( ** I L ^Lftj ^*dl 

JaiL^JI JjLk—J- ai£JI ^jJI — Jv.;,t)I jl llrtjI Ja_>^L Lo-S" 

* r- 

4 • o.$* j-a ( I f 4»jLft» "i » I i«i ul I L j> i—J 4w0j*^J I al_«J,} *1 ■ O jl j i i ^ q i h i> J I 

j| . ikiLJIjlL.VI JjuuJJoco^dl aLJLi 
. <L. v i I aLJLI ^Jl ^J( .fa a 9 ( ^A «Ujl n t T.xV I aJu l...~ t JI Ju^lzl! 

j-x-i ij-JUj .t..lI ^_c ^UaiJI CJ J JL.ajf (j-^il £'^A_r>Vl «_ajJLl_wi oVU-l aJJa 

. i^Ji I # ULI Jl JiJtfl 

J>Lll J ^Sfl/ly ^JL; »^Ul o <jA\ o^LLIj oj>)l 

*■ t « 

jl ^Ja >\jJI j-» . A^t>yi\ aLJLI jji.fi * J ajUjj Ajj! 

Ajj-X,.,.., 11 iajlj^waJI ^^JatjSfl ,^3 jl j^C ifJuJI A..-Jaj*^l aLJll 

-'" " • •. ■«- •■« ,. ~» ■ 

: Lffjsi <i—i»l> C*^ 

“ , / * . -.- 

* 

^ ^yL» I d L.oiJ Li I jjij) I j I 1 



£»C.'I JaU.'l 


Luxdl *Lil ti» jtiyj a: .,»* a air.* Je j*^l 

. 4^/tfl .U! ^ JJL-Sn 

*L1I *.»■ .s*j)l\ ul a JaU Lij 4 wJI LiLLJI jl — 2 

jj - -« J^a< jyL> JjL-S/I tLJLI JjJJLJ U a_JIc jxfljJI 
iLlI J ji uiijl« Ut ^ *?i .>» oLuc i2-.;■>■ iui>jVl »LII 

. uui 4^1 

jJjj £^JI - jitjJI i...t^c. ^d 4 .L.«-c »Lit jl - 3 
. l*J £**Vl yjj ^ Jbji ^jUI JSLDL LJuJI »ui 

>LJU 4*^* j-j«JI Liidl ^Jl <u>j]yj^II jj 

: ^ L 4-^./^ 

• ~ 1 

. i$j>di j4jSii - 2 

. Il*xJtoUiA*xll - 3 

. aJU J\ jLiSUI ju jUijJI — 4 

• • 

^3 Jj £ —AiU^fj <UjLC jl 

. ( •jJ.Lil ju *»t11 a_c?L>- aJI> * Ij^-waJI _j^-> 

. iJjjOj oyL> CmJ 44*11 «L1I j* oL*Jic aJLx jl 

Jx>*i) ^jLcS/l j>* »^»:■■!! LjJLdl a!i*-I^ jjtji oL*xa!I c~sj 

c~l_ ,J lit* . jjl^dl M ^-15^1 J* oL-xJI jij (2 - 0 j£dJI 

« ' t 

Aj_ix]l ,LiI I‘Ijl~~ ijjvj '.■■■■" Ol .ultl l jli AjAum. jUuL jjljjJI 

.i^UlljtUll^LfcJj-^Sl j L ^ o U 

- fisT) --- 



»h«>t flow 


* ia yii j^n 


morphologicil dipmiion 
*ht«t flow .* 



. ^>J jijy> Jaj&Cj> C*£ aLJLI oLj£ (2*9 < t > l l) 


: SjJiUaI) jjc- jj! q& Jli* : 5 - 9 

I Aj-XjkJ* I »LJJ j L u - . ' ■ ' . ■ lj olJ*5nJ I A It aVl bSx 

. i > ^1 t Pampa L^aIj ^^ ■ ■■) I sLII ^JUlII !-Xft 

: <L*Lp oLtijLut 
|Ju 800 JaSLi^JI JjU w 

. Aw / jJU 1200 ^nJI — jjwJI 

4 a. j .Li L^ I I ijoju \jj> < Lu> LaJ I • 11* * 11 

jLi (3-9 J^-iJI J^'V) a alalrt 11 * : j 

150-60 Cfu L^sd*>*i LjjoLJ! ^j—> j oLa .Jail ^j!lc*j{| 

a^oUUI AjjLiJl (^Lp^H L^juIjn) Colian <L2lj£ oLj^ujj ^$3 



£m*QF 


y> iULft Ol>.. o . ?T JJLj cJlj Vj cJLi Jti JL_A * $■>IjlI (jJyUIl y 
y j Lqpss ) yjj yjfc ,^1 i^il U 1 i-a_cUI oL_~_AI oli iljil 

y oULk«jA.1 iJt* (jJLr L*Uf ^ L*—J dL— . u {^L,!! IfrsUi 

ftJLA £-Lj i 80 - 20 uy iL>Jw» ^Jl 

kLizJf Ufji (jic Oj^Ltl < ljL> diaiJw AoliJ Oli oLwj—j Oli-JaJI 

* . Ji-iVI y ftULI ££■ < _ # jJ I » LwJI 

(150 - 60) JjH\ *j4”I lT*> i~JUI IJLiVI *UI iS> jl 
• 4 mL*JI ^ LflLil ( _dd fjk> a. i.ki U«UI i 

dL—JI olj aa-LJI) ,>« jjSddl »>AI (jr* AolAJI ji uy ^ 

1/ aJLkdl ^jU- i. »LII ~*£yj wj (.. .,.»' i-Jix {jju 80 - 20 

. L-3j! likdl £jl» (_P{ j *£y 

jjJI ol.i>j ^jl (^l <L«ljjJt A,ik^ y*^> L-«Ij 1 (**-"“ 

: tA ' 

. jAi Ijdj . JWtfl ijjX—Jlj AJUJI >UJJ ^iUll ^>1! * jAf - 1 
JIf)*5/1 J%> y* ZjJUcJI jLjIIj aJ^LAI *<jll_jJL 1—< 
y oj^-i J-4 ^ jl-® ‘iUiJ . ill y> Jl J>0J 

5«i> pJbL-uJ a_oLiIlj < L iLsj ^ii'l JIj^o l ^ ^jVI cAX-«» > 0 

. J4>JI) AjJuJI ^ 

. ll?( .n : il J g...».)t * ‘ j-AI — 2 

t>Zj l jl.ft <J j aji Lw* j~y~ 60 <uijj—Af oL*j^«n»yJ! ^ ,| ; 

. JaU jlkaVI ^ iLdl Lftlajil oi* jjALjj . kJi’ ejj— aj 

* lj->*^l ^jS Jati ^yyvta.^JI j^ 

■ O^Lrf-^ 





^jULU jx Jifli iikJll ^,l> £-^»S/l JjU - 3 

jU) <*-Jlc jjJI «^AI *j4*l “ 4 

*jJ-l Ijx IjljL j_$J Jiljj l - j . .;**" Lj-*-iJI 

. L ^>jLa 4>jJj sLil Jl (JajJI ury ii^jJI 



Schematic itctlon 


l»«lr*<| 


• <_$9 (**Ij (3*9 ) 


















: uWui V^l ^ uu*£J(: 1 - 5 - 9 

j*-l jjJZjp* y> >*J L*-<d JJ ^~ S 3 J I 1 jjy-d I I j i a 

C*i j > I j& I jh} I {J^j m ^ k.i.t1 LfLL^ UJ dSjjJU* 

i ^ L*5* U 'jjfJ^La j L^JS^Sj 

jLS 4 ^)lj> j^j> J5L^ ^ylx 4 jj 4-I ^ oL^uiiuJ.1 ^izJ 

* 

i_£^>lj uAj AjJI_jX4 j^-i L4-Ji*-aj . ^JajC. jj> 200 j J jb jZ* 

L- t - J—a x i jjill«b__j—- ^ oj&-£ Ji”j . ^ 4 

-D ^ ^ 

. jMt jLJI lift ^—^y, (4-9) J^-iJIj . UjJ (_i>l ±jx±jZi 

t- * 

jlS' JI jl j> j 1) I £c^*il <Cli ciii ^1 iiL?l 

A * 

(LiI jU l_jJaj>'V |*^j! t 4-jJ^ijjl! jJLxll »1& i-_<Jti! jjJyju uv^ptil 
- ^1 L; Jlc jj-t.U ajj .«.)! (j-LL^aJI oLaJLkJ.1 »JL> ^ CL>I 

• « bajos>>L)> 

sLJJ j t \ J^-UI (-L& ‘Lm f t ■ 0 ^ *' j(5LJI ^2-*J 

(j^s jj-S [t-ftjbl Oj^t-Lkj |^_5 diJijj . iL^-La o L« — s> L$J Ja-*-2- <b.X_*JI 

A 

ij^b (5 - 9) ( (iLc . 11 ) O l-. ~i I 

o -0 I * jJ- ij jJ I«jJ-1 iijJUlj L>jJ j-3jj-a 4- i i. T > i! (ji?Li I 

• 4-*4 J-f* - 







AIR - PHOTO INDICATION (SHADES) 
light grey 


; G33 

fe.vv , -1._ 


VEGETATION : 


HYDRAULIC BEHAVIOUR: 
no run*oft -• | sheet floods 
or ' 

sheet floods I 


ES3. 


very light 
grey to white 


very scarce 
| to barren j 


i standing i sheet Moods no run - off 
water J ! or 

I togging I I sheet floods 



60 m 


9 J&mJI ) 

■ Is— . : ll 4-— ’ I * tksJU aJjLla oUL-JLI Ktiir £KZ& oljtaj—JI ji:-H^dJl 

J*j£t * jri-l U*J < >>UI » jiiidl {yr lUlt Sjywill likil OUU X£ jOlIj-Di «d* 

Jjk—jjl »JjLI y . Ji—'j'l <_>y-JIrf OL4. W .1I tLII jldij LkXi 1-- ■: ~»j~Aai t jiJJ jLIU 

jAil JJ Jjji V JjW ijiil iLil u is ji ^ ( Ja*j*A\ s J>UI J* 

• * 

oL—tc. w ur^ jJ JI JL»>JiJiJ-i oLIyJI ojLlI ji). obLJI jt. 

. Oy^N^ll) AoJjU OliUl 4JJJ liLJLi tjjimmJ j>UI 9LJL ■ 













Geomorpnoiogical forms 

Straight baia 


o'* 


<Vguada 


1 

^ 00 ^ Winding bajo 
.5/ C jt of maandef 


. *i*U j* ^ UU» Si'S M-(JWI ( 5-9 JS-2JI ) 

J&£Yjj . (^^i) uL -Ji {jA Oj^~t 4_ ^7 . :.U £yi ^J*j1 * : A £yJi * g^ Ia 

CTA-jJ^Ll £« L/y£ j T ^..fl iL^I? (_y->-l;) *J-^*il 

■ ilJ.i.iT* J\ji JS^i^^Lc ZL^I OUaiicll j* 

olij . ^k—J 1 j-a LfjjS LjJsrji >L^ £• LJI ji-yyO LfiLiCtj A £jJI y <£>A»I ^ : B £jjl Uh^i 
ya UaJ t j>k t ay»jij3jji\ ol rtt.wiU t ya—i *. ih' . U »j* |■ A LS” oL-ijJ 
J-jo L^jSl jliij A gjJI o L>i i k il (j( £JjjJua j**& olj I 4 /I VI ^lUSlI J-4 
. <L-i»jVt »Lil ^jjc i yi\ A £jJI oLjiiiC* <i k iil £jl> tLil <-»j-iJ 

Ji-JJ ^1 jl^Vt j* i*:»UJI jl.~rt.jiil >Lx HF>‘U {yJaayj~[ U* : C £_>JI iiku 

Ijj. C jyJt y» >)yry yf- B gyj A^y^ itiill (J^il ji • v^* <j* Jf-J 1 

. Ujji j-* <iu>i £jJI U* <J> —it ,JUt jj 






- - Z+ia ftl OUll i^O - - — — 

: wUaiiiU ^ JuiaJfj <uK4' JuAjU dU> gjji : 2 - 5 - 9 

»Lit Jl>ijJj OLkUAjdl (JVj ii^UI l j£- OISUI -bu 

U*xJI I>LJI cJlC Ail.r'llu <L->jJjjJuli i—ilji » I J >I |*J AjJluJI 

ZlkJll ^ jUV! jL^j'Vl aLll j^ili jUl . L-*lj ^ 

: gjUUI CJlSj a LI I kjJLL a. x- .jj 'ji) 

oL.Vi..e ,V:H ijA.-b Ijj j—ytll ZJLy—JaJI jL^U a.,,.—I aL-JLI jl JL»j 

^ « 

k »» <3$ jLVf Cj* 

• *>* ~*~ij LJLS' jlj <_,£> 

oLa! jell £*& i/juJI dLJ.1 oL^jJ JiLiil iL*jl Jj*V 

JX. i « I^>1 jfcj . 1 j.u aJ oLm/JjJI »Jj> 01 -^» ij*-jJII jJjjlI 

. AxJzlIf yJ CjLis>j^_»j a-jIj^S”( j^laJIj ^y^ajnjJ! jLl 

uy> 1 : 50000 (j-L-L#) JaJl jjL I ^ ^ L-S" 

• Atlh ‘ n U A *> ^J1 ^Ixll _L(( j. 1.25 j>~\j iJjjXS Jai- 

jiJ-l J’jU- C^-ij 50 ^1 40 ^y> J-ou 24 ji> j*j 

»■ uLj y*-i * IIjjf-I j»j US'. a-jLj_^JI i-J wjj^AJ ~k joSmj* uLLj 

. (J^UQ OUljjull jjj <US W* pi J^sj^yj 

* 

J—>1 0->^ LJlX »L—A_...J_oJ j ft c ^ Jaa ./> (6 - 9) JiLiJI 

C~£- Jls* y J—iuS'l A-_pjJI oli a_._^>jSfi aLJll jl L...-> ^~jL->i i >> :11 
U*> LJ-Ulj AjjuJI »L-I! (jl; JiljuJI Ji>"jLj , (j^^1 C*^) uiliitlil 

a !j .«ijX-« aL_« ji u ia.,-j ^UaJ X>_y± iiUjJ i U^L«j ^4>1j V 






) ^LJI hie. bU» i-Jx J^> _^w& fki* { 6 - 9 j£-iJI) 
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